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THE SPATIAL SPILLOVER IMPACT OP LAND BANK PROPERTIES ON NEARBY
HOME SALE VALUES IN CLEVELAND, OH
CHANSUN HONG
ABSTRACT
The land bank is a government entity that focuses on the conversion of vacant, 
abandoned, and tax-delinquent properties into productive use. The object of the land bank 
is to gain control over the city’s problem properties to make possible their timely and 
productive reuse. The land bank has become a popular policy measure to control the 
distressed properties in the neighborhood following the foreclosure crisis across in the
United States.
The objective of this study is to evaluate the spillover effect of the land bank on 
nearby properties. The primary research question is as follows: has the land bank public 
intervention created a positive spillover effect on nearby home sales in the respective 
neighborhood in the City of Cleveland, Ohio?
This is a case study for one city. This study utilized the spatial hedonic model to 
measure the impact of a two-year land bank acquisition period on nearby property values 
within two buffers: 500 feet and 1,000 feet. This study also utilized the Geographically 
Weighted Regression to evaluate the local variation of the effect over the space. The 
study period is 24 months from September 2012 to August 2014.
This study identifies that two years of land bank acquisitions have had a positive 
effect within the 500 feet buffer from the sale location. The pure effect of two years of
vii
land bank acquisitions results in a positive 1.82% impact by OLS estimation and a 
positive 1.81% impact by ML, 2SLS, and 2SLS-robust estimations.
The mean value of the implicit marginal price is $897 over 24 months of sale data 
from September 2012 to August 2014. This estimated benefit may not have existed if the 
land bank did not acquire the abandoned properties. The result of this study will support 
policymakers and practitioners in their decision to expand land bank programs.
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CHAPTER I
INTRODUCTION
1.1 Research Background
The recent housing crisis in the United States has required older central cities to 
pursue a public policy intervention in the real estate market to avoid increased 
neighborhood decline and municipal revenue loss. Leonard & Mallach (2010) stated: 
“Like no time in American history, the confluence of disasters in the economy, housing, 
and employment markets ensure that no community is immune from the threats of 
foreclosure, vacancy, and abandonment.” Foreclosures, abandonment, and vacancies can 
create a price discount, not only from negative externalities but also from excess housing 
supply and reduced demand. Urban blight from property vacancies and abandonment 
increases a criminal activity, arson, and maintenance cost which leads to a general 
reduction in additional investment by private sectors (Cohen, 2001; Mallach, 2006; 
Alexander, 2008; Fitzpatrick IV, 2010; Schilling & Logan, 2008).
This situation has increased the necessity in the public sector for an intervention. 
The Center for Community Progress provided a comprehensive exploration of the land 
bank program based on more than 65 land banks in a dozen states as of 2014 (Heins & 
Abdelazim, 2014). The land bank has become popular as a useful tool to control the
1
distressed properties, vacant & abandoned property, and tax delinquency problems post-
foreclosure crisis across the U.S. Alexander (2005) defined the land bank as “a
governmental entity that focuses on the conversion of vacant, abandoned, and tax- 
delinquent properties into productive reuses.” The purpose of land banks is to gain 
control over the city’s problem properties to make possible their timely and productive
reuse (Alexander 2005, 2011; Mallach, 2006).
This research is a case study of the impact of the land bank program in the City of 
Cleveland, located in northeastern Ohio. Cleveland is an example of a shrinking city with 
a weak housing market coupled with many job losses typical to the old industrial rust belt 
sectors (Keating, 2015; Dewar, 2006). Cleveland was one of the first cities in the nation 
to implement a land bank program to control abandoned tax-delinquent properties in the 
declining urban neighborhoods during the 1970s. This early land bank has been evaluated 
as having resolved the tax delinquency problem successfully (Olson & Lachman, 1976). 
Cleveland neighborhoods have once again experienced another period of abandonment 
along with the major American cities in the 2000s. The foreclosure mortgage crisis 
nationally hit many communities in the United States in 2008 (Joint Center for Housing 
Studies, 2008). Destructive housing market practices such as flipping, mortgage fraud, 
and predatory lending resulted in housing abandonment and widespread blight in the City 
of Cleveland neighborhoods. Subprime mortgages increased a massive number of urban 
distressed properties (Keating & Lind, 2012; Coulton, Schramm, & Mikelbank, 2008).
Following the housing crisis in the late 2000s, Cuyahoga County instituted a new
more robust land bank that acts in concert with Cleveland and other cities within the
County including a targeted policy intervention for abandoned urban properties.
2
Historically, abandoned residential properties remain in the most undesirable
neighborhoods according to the theory of neighborhood change and filtering (Bier, 2001; 
Keating & Smith, 1996). The essential goal of the land bank program has been an 
intervention to revitalize or stabilize the poor/weak neighborhoods. The Cleveland land 
bank has acquired many properties coordinating with the Cuyahoga County land bank
since 2009.
This study examines the impact of the land bank intervention in response to 
housing abandonment problems in the City of Cleveland. It has been strongly assumed 
that the land bank intervention manages the vacancy and abandonment problem faced by 
many cities (Olson & Lachman, 1976; Alexander, 2005; 2011; Bright, 2003). The
underlying assumption of the policy and this research is a positive spillover effect of the
land bank intervention.
Cleveland neighborhoods, like those in other old central cities in the U.S., have 
already faced housing market inefficiencies due to suburbanization in the 1970s (Dear, 
1976). The mortgage crisis from 2006 to 2009 also exacerbated the abandoned, vacant 
property issue in weak and low-income housing markets. In turn, according to Rosen 
(1985), a ‘rational’ homeowner will invest less in their home than their marginal benefits
in the future. Therefore, to avoid further personal loss, a homeowner may abandon their 
property when faced with declining values due to the dis-amenity created by foreclosures 
and vacancy (Tiebout, 1956; Rosen, 1985; Galster, 1987).
One of the methods used to manage an increase in urban abandonment is the use 
of land banking, i.e., the government conversion of vacant, abandoned, and tax- 
delinquent properties into productive use (Mallach, 2006) or demolition if no demand for
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the property exists (Fitzpatrick IV, 2008; 2010). This policy measure has been useful 
during the current crisis to manage the large-scale abandonment that occurred through 
foreclosure. Alexander (2008) stated, “During the mortgage crisis of the past two years,
the nation has seen the number of foreclosures double, and almost 600,000 vacant, for-
sale homes added to weak real estate market.” The crisis has particularly hit Ohio, 
specifically Cleveland and Cuyahoga County, very hard. Community Research Partners 
& ReBuildOhio (2008) estimated a $64 million cost from vacancy and abandonment in 
2006 across eight Ohio cities with $15 million attributed to city service costs and $49 
million to cumulative lost property tax revenues. Cuyahoga County and its primary city 
Cleveland have been discussed as the epicenter of the foreclosure crisis (Fitzpatrick IV,
2008; 2010).
1.2 Research Premise and Rationale
Previous research indicates that land bank programs may have a positive effect on 
a neighborhood with vacant foreclosure properties. Policymakers supported the program 
based on the expectation that the land bank reverses the direction of declining 
neighborhoods (Keating, 2015; Alexander 2005; 2011; Mallach, 2006). However, the
study of land bank effect is not exhaustive and the body of peer-reviewed literature is still 
limited. Whitaker & Fitzpatrick IV (2016) is the only comprehensive research of the
Cuyahoga County Land Reutilization Corporation (CCLRC) lank bank’s effectiveness. 
The authors found that the land bank acquisition would have positive externality when 
the neighborhood residents can perceive the positive outcome by land bank program. An 
early piece of the land bank research is a study of the Genesee Land Bank in Flint, 
Michigan by Griswold & Norris (2007). Both studies Griswold & Norris (2007) and
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Whitaker & Fitzpatrick IV (2016) stated that the effect of the vacant lot after demolition 
was not positive but it had a smaller negative effect on nearby properties compared to 
that of abandoned and vacant properties. The evaluation of the land bank effect is based 
on the Whitaker & Fitzpatrick ΓV (2016) assumption that “if the land bank did not exist, 
all land bank acquired and demolished houses would have continued negative 
externalities estimated for acquired or demolished properties.”
Other land bank related literature has focused on specific programs or outcomes 
like community gardens and the greening of vacant lots (Heckert & Mennis, 2012; Voicu 
& Been; 2008; Schukoske, 1997). Transforming neglected vacant lots into thriving
community gardens increases a degree of continuity of place and partnership that controls 
for disorder and crime which may have an indirect positive effect on property values 
(Skogan, 1990). Replacing nuisance properties with better land use such as green space, 
community gardens, urban agriculture, new housing, and commercial development will 
pose a positive externality in the neighborhood (Kremer, Hamstead, & McPherson,
2013). The provision of the community gardens by land bank lots beautify the area and 
build a sense of community among neighbors and abate criminal activities in or near 
vacant lots. Targetting them for public green space can enhance neighborhood vitality 
(Schukoske, 1997). Heckert & Mennis (2012) stated that “the vacant land greening 
program to use greening as a means of reducing the appearance of neglect and to provide 
an interim treatment for land until such time as it would be used for the development, in 
hopes that it might actually spur development by improving the look and feel, and also 
potentially property value, of surrounding area.” Their findings varied across the City of
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Philadelphia between 1999 and 2006 with positive and statistically significant results of 
0.7 percent in distressed areas and 20.8 percent in moderately distressed locations.
The land bank programs have provided evidence of mitigating the negative effect 
of the abandoned properties. Acquired properties can also be an important tool to 
facilitate urban development which also positively impacts neighborhood quality and 
home sale prices (Simons & Sharkey, 1997). The land bank program also creates a signal 
of the public sector commitment to maintain and improve the quality of the 
neighborhood. The impact could be the anticipated marginal utility from consuming an 
extra unit of housing capital and home owner’s evaluation of the current neighborhood 
housing market (Galster, 1987). This signal could change the level of neighborhood 
expectation quickly. It could modify the home owner's decision on moving out or 
remaining.
A common measure of neighborhood quality in empirical research is housing 
price. Even though neighborhood quality consists of physical and social qualities, 
Freeman III (1978) posited that amenities are capitalized into the value of nearby home 
sale prices. Positive neighborhood environmental amenities such as parks, community 
gardens, vacant lot cleanups, and a vacant lot greening programs could enhance the 
overall neighborhood quality, while negative amenities or events such as foreclosure, 
abandoned properties, or vacant lots could degrade the neighborhood quality. 
Neighborhoods with good quality or amenity usually command a positive externality, 
higher sale prices, than those with bad neighborhood quality.
Leonard & Murdoch (2009) defined neighborhood quality as a public good that is 
produced by neighbors who enhance (or fail to enhance) their lawns, trim their trees,
6
maintain their homes, etc. The authors measure the relationship between neighborhood 
quality and housing sale price using foreclosure data and find a significant negative 
impact on neighboring housing values that could have long-term effects on the 
neighborhood quality.
Griswold & Norris (2007) introduced distance into the model when measuring the 
effects of demolition by the Genesee County Land Bank (GCLC) in Flint, Michigan 
between 2002 and 2005. The authors confirmed that higher numbers of abandoned 
structures surrounding residential properties are associated with lower housing sale 
values and the distance decay of abandoned structures ranging from 500 to 1,500 feet.
The results suggest that homeowners within 500 feet of a demolition gain 0.75 percent in 
property value; properties between 501-1,000 feet of a demolition gain roughly 2.0 
percent in value; and housing between 1001-1500 feet of a demolition gains 1.6 percent
in value.
Whitaker & Fitzpatrick IV (2016) evaluated the effectiveness of the CCLRC as a 
second generation land bank established in 2009 after the foreclosure crisis. The County 
land bank has enhanced acquisition powers, operational abilities, and a stable budget. The 
authors analyzed the sale prices of nearby land bank properties within 500 feet for a 39- 
month operation period from November 2009 to October 2013. The CCLRC has been 
named as a professional land bank due to staffing and programming (Heins & Abdelazim, 
2014). Whitaker & Fitzpatrick IV (2016) considered land bank properties as an important 
neighborhood physical amenity while specifying the influence of those factors on the 
spatially corrected hedonic model. The study assumes that if the land bank did not exist, 
all the land bank acquired or demolished properties will have the same negative
7
externalities that were estimated for the pre-land bank period instead of the negative 
externalities estimate for acquired or demolished properties. This followed the methods 
of Kelejian & Prucha (2010) which used the spatial error model and mixed model with 
GMM estimation due to the heteroscedasticity in the data. Whitaker & Fitzpatrick IV 
(2016) preferred the mixed spatial model with the GMM method and found that pre-land 
bank properties decreased the nearby home sale values by 3.4 percent. The land bank 
acquired properties decreased the neighboring home sale values by 2.4 percent. The land 
bank demolitions decreased the nearby home sale values by 0.04 percent, but the 
coefficient was not significant. Per their research, land bank acquisition could generate a 
1 percent net positive effect, the difference between the -3.4 percent pre-land bank 
estimator and the -2.4% land bank acquisition parameter, within a 500-feet buffer from 
the sale location. Properties acquired by the land bank have a much higher negative 
externality than the vacant lots that were created by the land bank. Per their evaluation, 
the land bank activities by CCLRC did not show the positive impact, but the land bank 
acquisition reduced the negative impact of abandoned properties (pre-land bank). As a 
result, the authors argued that the land bank activities could generate a positive effect on 
neighboring home sale values.
The authors compared the benefit of land bank activity of demolition and the 
difference between distressed property and vacant lot impact on nearby home sales. 
Griswold & Norris (2007) and Whitaker & Fitzpatrick IV (2016) found that the land bank
acquisition is decreasing the negative externality from a distressed property, not to zero 
but close to the coefficient of a vacant lot. After adopting the spatial analysis, Whitaker & 
Fitzpatrick IV (2016) found that vacant lots result in a much smaller negative externality
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of -0.04 percent compared to the abandoned properties. The conclusion is that the land 
bank program may reduce the negative influence of the abandoned properties, but the 
impact of land bank properties (vacant lots) on nearby home sales is still negative but 
smaller than that of abandoned properties. The distressed properties could include 
mortgage foreclosure, tax foreclosure, tax-delinquent and vacant residential structures.
Heckert & Mennis (2012) also found a varying effect of greening vacant land on 
property values derived from the Philadelphia Land Bank lot care program. The program 
took vacant lots and then proceeded to clean, grade, and put in new topsoil, grass, trees, 
and a split-rail wooden fence. The lots were subsequently maintained regularly during the 
growing season with trash removal and mowing. The study found a positive impact on 
nearby home sales but at varying effects across the City.
The Whitaker & Fitzpatrick IV (2016) study suffered from the heteroscedasticity 
that the variability of the impact of the land bank on nearby property values varies across 
space. Heckert & Mennis (2012), Heckert (2015) adopted the Geographically Weighted 
Regression (GWR) model to resolve the heteroscedasticity with a consideration of the 
non-stationary status. The model essentially calculates a separate regression model for 
each observation in the data by calculating the coefficient using only a subset of near 
observations, which are weighted based on proximity so that closer observations have a 
higher weight than those that are farther away (Fotheringham, Brunsdon, & Charlton,
2002).
1.3 Limitation of the previous study
The previous studies provide the foundation for a conceptual framework to 
evaluate the effectiveness of the land bank programs. Their result would be useful to the
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area where only one land bank exists. Cleveland has a unique situation that has two land 
banks: Cleveland Land Bank (CLB) and Cuyahoga County’s land bank (CCLRC). The 
previous research is not able to answer the comprehensive effect of the land bank 
program in the City of Cleveland since the studies did not include the CLB activity. This 
limitation supports the need for a new examination for evaluating the effect from both 
land banks. The CLB has been a useful tool for urban planning, neighborhood 
redevelopment, or the provision for lots for new development that allows neighborhood- 
based organizations the ability to advance the interest of neighborhoods (Dewar, 2006; 
Simons & Sharkey, 1997).
New research is also needed because the volume of the city program far exceeds 
the CCLRC. The CLB has acquired a total of 9,506 vacant lots from January 2009 to 
December 2016 with 4,305 of those vacant lots from the Cuyahoga County Sheriff's 
Office after tax foreclosure while the CCLRC has only acquired 3,706 properties inside 
the City during the same period which it subsequently transferred back to the City after 
demolition. The portion of the vacant lots from the County was 20.3 percent. Also, the 
City’s program has sold a total of 1,482 vacant lots to residents or developers, transferred 
725 lots for the yard expansion, 417 vacant lots for commercial developments, 283 for 
new housing development, and 57 for other dispositions within this proposed study 
period. Considering the high volume of acquisitions, omitting the City’s land bank 
activity would not properly estimate policy effectiveness.
Griswold & Norris (2007) and Whitaker & Fitzpatrick IV (2016) compared two
variables to estimate the land bank acquisition effect. The land bank impact has been 
derived from the difference between the abandoned property impact and that of the land
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bank acquisition. However, the inference with two variable parameters is not simple since 
the standard statistical package does not provide the necessary information (Wooldridge,
2006).
Land bank and housing research are also subject to spatial dependence. Whitaker 
& Fitzpatrick IV (2016) added the spatial lag and spatial errors as a mixed model which 
improved upon the study by Griswold & Norris (2007). However, there is no study that 
presented a conceptual framework for testing the land bank spatial spillover or interaction 
effect. Recent spatial econometric literature has emphasized the specification of the 
spatial structure (Anselin, 2002; 2003; LeSage, 2014).
Even with spatial lag and spatial errors Whitaker & Fitzpatrick IV (2016)'s model 
still suffered from heteroscedasticity. To compensate, the authors adapted a spatial error 
model with GMM estimate to control spatial heterogeneity, but the model was not able to 
resolve the issue. To control for heterogeneity in the data, Heckert (2015) adopted the 
GWR in the evaluation of the Philadelphia greening program by the land bank.
This study’s goal is to fill the gaps from previous research by examining the 
impact of land bank acquisition alone, before any action is taken to change the 
disposition of the property, as a measurement of the potential positive impact of 
neighborhood investment. Both the CLB and CCLRC land banks’ properties are 
estimated to provide a better measurement of policy impact. The research will include 
controls and measurements of the spatial spillover effect of the land bank acquisition and 
the possibility of spatial interaction along with controls for heteroscedasticity in the data.
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1.4 Justification and Importance of the Study Area
Given Cleveland’s unusual situation of having two separate land banks with the 
City and County, there is a lack of comparable cities, justifying a single case study into 
the impact of a robust policy intervention. As of third quarter 2016, four Ohio counties
had land banks: Franklin (Columbus, OH), Hamilton (Cincinnati, OH), Lucas (Toledo,
OH), and Montgomery (Dayton, OH) but, like Chicago, Philadelphia, and Pittsburgh, 
they are too recent for examination. Detroit has an older land bank but it has been 
considered dysfunctional until it was reformed in 2016 (Gallagher, 2017).
The most comparable land bank is the Genesee County land bank that covers the 
city of Flint, Michigan. This land bank was created in 2005 and served as a programmatic 
model for the CCLRC. However, it is a single land bank and the population of Genesee 
County is one-third that of Cuyahoga County and Flint is a quarter of the size of the City 
of Cleveland. The lack of comparison between the two programmatically and in 
population size justifies its exclusion.
1.5 Significance and Contribution
This study will provide the first comprehensive evaluation of the land bank 
program in Cleveland, Ohio as an example of one rust belt city. This research has the 
following expected contributions:
• Responds to additional calls for research about land bank intervention
effectiveness,
• Extends the research of Griswold & Norris (2007) and Whitaker & Fitzpatrick
IV (2016),
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• Examines the necessity of the spatial hedonic analysis to evaluate land bank
intervention,
• Provides better controls for reverse causality,
• Provides better controls for heteroscedasticity,
• Explores the potential for the land bank intervention to be a neighborhood 
amenity,
• Examines the impact of land bank intensity to identify a program economy of 
scale for a positive spillover effect, and
• Provides new knowledge about the spatial spillover effect of the land bank
program.
The application of improved research methods and the measurement of a two- 
system land bank program may help policymakers explore the efficacy and justification 
of program expansion within their respective jurisdictions.
1.6 Research Purpose and Question
The purpose of this study is to evaluate the effectiveness of land bank acquisitions 
in mitigating the decrease of property values within the City of Cleveland from 
September 2012 to August 2014. The primary research question is as follows: Has the 
land bank public policy intervention created a spillover effect on nearby properties?
This study proposes a research question that land bank acquisitions have a 
positive relationship with nearby home sale prices. Figure 1 depicts the primary
measurements of this research which includes:
1. The pure land bank acquisition effect by distance buffers of 500-feet and 1,000
feet and,
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2. The local estimated land bank acquisition effect.
Figure 1. Study Flow
This study will conduct an empirical analysis of the impact of land bank properties on 
nearby home sale prices to determine policy impact.
1.7 Organization of the Paper
This dissertation first addresses the theoretical, empirical and methodological 
approaches to measuring the impact of land banks on housing prices for hypothesis 
development followed by an applied methodological approach. Policy recommendations 
and future research possibilities follow the research findings.
Specifically, Chapter I introduces the relevance and research questions addressed 
by this study. Chapter II performs a literature review of land banks as well as extant 
research covering the localized externalities and spillover effect found in housing 
literature, the property value discount of foreclosures, urban decline, and property 
abandonment. Chapter III proposes the model and hypothesis development of the 
relationship between land bank policies and its impact on housing prices. Chapter III also 
presents the research design, methods, data sources, primary variable of interest, and the 
operationalization of variables. Chapter IV presents research findings and data analysis.
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Chapter V concludes with policy implications, contributions to the research, limitations, 
and suggestions for future research. A bibliography containing citations for all references 
is included with an appendix of tables, descriptive statistics, and output from the 
performed statistics. A list of tables and figures is also provided following the table of
contents.
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CHAPTER II
LITERATURE REVIEW
2.1 Introduction to the Literature Review
This chapter provides a summary of previous research to construct the conceptual 
model and methodological foundation of this study. This includes a literature review of 
land bank program studies, neighborhood amenity, the effects of distressed properties on 
home values, and the application of spatial analysis in related literature.
2.2 Land Bank Program
The majority of land bank literature is dedicated to describing the policy and its 
application across the United States (Alexander, 2005; 2008; 2011; Mallach, 2006). The
public policy tool did not originally start as a method to control for housing foreclosure 
crisis of 2008. The earlier land bank use focused on pooling properties together for 
redevelopment projects that increased tax revenue and managed vacant urban lots 
(Keating, 2015; Olsen & Lachman, 1976; Bright, 2003). Later, land banks become
popular due to their superior ability to clean and transfer distressed properties. The 
following literature review covers the existing land bank policy literature.
Urban redevelopment requires the pooling of enough contiguous land together for 
commercial, economic redevelopment. Simons & Sharkey (1997) found that programs
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that offered tax abatements to bundle properties for redevelopment spurred inner-city real 
estate purchases in locations like Cleveland that had an unmet demand for an estimated 
20,000 new home builds in 1995. Land banks have become a central strategy in the urban 
garden movement which relies on land banking to overcome liens, unpaid bills, or 
unknown ownership of different parcels (Voicu & Been, 2008; Schukoske, 1997).
The federal government has recently moved to support land banking as a solution 
to declining neighborhoods. In 2008, the federal government created a pro-urban, pro- 
land banking act named the “Emergency Assistance for the Redevelopment of 
Abandoned and Foreclosed Homes” which set aside $3.92 billion for the acquisition, 
management, and disposition of abandoned properties with fund allocation through the 
U.S. Department of Housing and Urban Development (HUD, 2009; Immergluck, 2009). 
The act also stated that foreclosure proceedings are to occur within four months of the 
first delinquent mortgage payment limiting abandonment which often continued for 
years. Despite federal involvement, which may assist with program capitalization, land 
bank policy is local by necessity and is most effective when it can cross multi-city or 
multi-county jurisdictional lines (Fitzpatrick IV, 2010; Mallach, 2006). The federal
legislation is considered “enabling legislation” while the actual implementation occurs at
the local level.
Five cities used their land banks to manage excess vacant properties as early as 
the 1970s: St. Fouis, Missouri in 1971, Cleveland, Ohio in 1976, Fouisville, Kentucky in 
1989, Atlanta, Georgia in 1991, and Flint, Michigan in 2002. Although the cities’ land 
banks differ in governance, funding, property acquisition, pricing, and priorities, the
common goal among all fives is the conversion of abandoned tax-delinquent properties
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into productive use (Alexander, 2008). Goldstein, Jensen, & Reiskin (2001) examined 
case studies and found successful programs were those that removed vacant properties 
quickly and with consistent enforcement. Because properties targeted for land banks are 
already sitting with housing code violations and, sometimes, criminal activity, a land 
bank requires immunity from the normal housing enforcement and the ability to dispose 
of the property based on planning and redevelopment purposes (Samsa, 2008).
Mallach (2006) examined the case study of Genesee County, the location of Flint, 
Michigan and the original home of General Motors (GM). The city experienced a 
decrease in the population from 193,000 people in 1970 to 120,000 in 2000 along with a
reduction of 60,000 General Motor jobs. By 2000, more than 12 percent of the homes 
were vacant. The early tax foreclosure process was not a success. Properties sat in a state 
of limbo for over five years. With revisions to the legal structure governing the land bank 
process, six percent of Flint’s land is owned by the city with 140 tenant-occupied land 
bank houses, 37 rehabilitation, hundreds of lots bundled for redevelopment, plans for 
4,000 demolitions, and the conveyance of at least 600 lots to adjacent neighbors. Dewar 
(2006) compared Detroit and Cleveland and found that Cleveland’s land bank program 
experienced greater success due to a clearly stated program mission and cooperation with 
the governance of local government and neighborhood-based organizations.
Like the foreclosure literature, researchers are confirming a spatial link between 
externalities and distance. Alexander (2008) found that Flint, Michigan vacant structures 
contributed to a loss of property value of 2.26 percent within 500 feet of the abandoned 
structures. Whitaker and Fitzpatrick IV (2012) conducted an empirical evaluation of the 
land bank effectiveness in Cuyahoga County using a spatially-corrected hedonic price
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model of house sales near the land bank owned homes. The authors found that home
prices within 500 feet of a property targeted for land bank acquisition in the next six 
months, showed approximately 3.4 percent discount on the value of nearby homes. The 
land bank has about 2.4 percent negative externality on nearby home sale price within 
500 feet. Vacant lots, after being demolished by the land bank, generate a 0.04 percent 
negative externality on the nearby home sale price. The authors presented the economic 
benefit of the land bank acquisition by comparing the estimate of land bank acquisition 
over the negative externality of the pre-land bank property to be acquired within six 
months. This study builds on Whitaker and Fitzpatrick IV (2016) by controlling for
reverse causality and examining the intensity of externalities affecting the nearby homes. 
The mission of Cuyahoga County’s land bank is to acquire properties
strategically, return them to productive use, reduce blight, increase property values, 
support community goals, and improve the quality of life for county residents. The 
CCLRC is a non-profit community improvement corporation enabled and incorporated 
under chapter 17 of the Ohio Revised Code. It has the governmental power and the 
flexibility of the private sector. The CCLRC equipped the land bank policy tool with the 
power to acquire abandoned properties, perform code enforcement and nuisance 
abatement, purchase property tax lien certificates, contract with the government and other- 
entities, and permit the incurring of debt, issuance of bonds and other financial 
transactions (Keating, 2011). The CCLRC has been evaluated to be a successful 
stabilization response and a strategic redevelopment catalyst (Keating, 2013).
Figure 2 Cleveland and County Land Bank Acquisition from 2009 to 2014, is a
visual demonstration of the CLB and CCLRC activity.
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Figure 2. Cleveland and County Land Bank Acquisition from 2009 to 2014
The Cleveland Land Bank acquired 5,370 lots and county land bank acquired a total of 
3,706 properties.
2.3 Neighborhood Amenity
This study defines the outcome of the land bank program as a neighborhood 
amenity that is related to the quality of the neighborhood. First, this study explores the 
literature on neighborhood amenity to develop examine amenity characteristics, 
measurements, analytical methods, and spatial analysis theoretical frameworks. Unlike 
the typical amenities that a home buyer or seller uses to evaluate the desirability of a 
neighborhood like commute times, parks, or a community center, the land bank program 
amenity is a government response to market failures that have negatively changed 
neighborhood quality of life. The intensity of neighborhood amenities alters new and
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existing residents’ evaluations of location desirability. This assessment can change the 
level of homeowner investment in the local housing market which affects housing price. 
Therefore, the land bank program could be perceived as an amenity through land 
acquisition and government investment that positively impacts investment resulting in 
increased housing prices.
2.3.1 Neighborhood Amenity and Neighborhood Effect
The land bank program is a local government intervention with a goal to revitalize 
or stabilize a neighborhood through the complete removal or improvement of abandoned 
properties. The effect of the land bank on neighborhood quality can occur in both direct 
and indirect ways.
The direct effects are related to physical or environmental improvements to 
increase the level of neighborhood quality. Neighborhood quality, or amenity, is a local 
public good and important attribute of housing prices and location decision (Diamond & 
Tolley, 1982; Leonard & Murdoch, 2009). Amenity can be explicitly analyzed as an
ordinary market good such as housing and residential land. The hedonic model by Rosen 
(1974) has been utilized to analyze the demand of household for an amenity. The 
marginal value of amenity may be a function of the quantity consumed of the amenity 
and the other amenities in the bundle. Neighborhood amenity includes variables such as 
the number of amenities within certain distance gradients. The effect of the location on 
housing price must be viewed as interactive with another determinant of housing value. 
Households can experience a different level of neighborhood amenity by their choice of 
locations across the communities since the amenities are site-specific.
21
The indirect neighborhood effect is an individual’s decision to invest in their 
home based on others’ decisions, preferences, sets of information, and outcomes 
(Strange, 1992; Leonard & Murdoch, 2008; Ioannides & Topa, 2010; Ioannides, 2002).
Homeowner maintenance is not solely a decision based on an individual’s economic 
reality, but also activities or obligations that are associated with the community and 
neighborhood. Indirect effects can lead to comparative static changes in the density of a 
price. Strange (1992) stated that feedback and distance are key factors in the Rosen 
(1974) amenity model. Neighborhoods overlap so a change in land use in one location 
can induce changes in the land across the city requiring a spatial analysis. The 
neighborhood improvement by land bank intervention is a part of the bundle of 
neighborhood amenities. But just one land bank acquisition may not generate enough 
effect to make a change in the neighborhood quality requiring a density of activity that 
may produce a positive spillover effect that is reflected in the sale price. However, if the 
land bank intervention reaches the scale of economy, the lank activity may generate 
spillover effect (Schill et al., 2002; Waltert & Schlapfer, 2010).
The hedonic model has been used to study the impact of environmental attributes 
like parks, community gardens, open spaces, and clean air on housing sale prices. Most 
studies have utilized the hedonic model. To measure a positive or negative externality 
that is capitalized into the price of the property. Kim et al. (2003) and Anselin & Gallo 
(2006) developed a spatial hedonic model to measure the benefits of air quality 
improvement. Small & Steimetz (2012) investigated the role of spatial multipliers while 
using the spatial lag hedonic model. Seo & Rabenau (2011) evaluated the effect of 
physical disorder on nearby home sales. The use of a spatial model of neighborhood
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effects in environment amenity, socioeconomic attributes or crime, treatment variables of 
social science is becoming common (Noonan, Krupka, & Baden, 2007; Anselin, 2009;
Wu&Dong, 2014).
Therefore, the land bank program’s activities and the associated properties can be 
measured through the hedonic method as a neighborhood amenity that can directly 
change the level of neighborhood quality and indirectly affect residents’ investment
behaviors.
2.3.2 Measure of Neighborhood Amenity
To measure the relationship between externalities and property values, researchers 
have used a variety of measurements and methods which include; distance buffers, 
interaction variables, controls for non-linear relationships, and the use of property counts 
affected by the externality to examine a threshold or intensity effect.
Table 1 presents the empirical literature that examined the effect of one house on 
another by distance buffers to measure the decay, or the reduction in impact, on space. 
There is no accepted method for setting the size of the buffer treatment area.
Table 1. Literature for Buffer Setting Under 1> eighborhood
Study Subject Distance Buffer Size Result
Galster &
Williams
(1994)
Severely 
disabled tenants
Within two census blocks Close: not significant 
ClosePost-14.9 %*
Simons,
Quercia, & 
Marie (1998)
New Housing
Tax Delinquency 
Rehabilitation
1 ~ 2 blocks/Extended to
4~6
1 ~ 2 blocks
1 ~ 2 blocks
+$670∕unit**
-$840∕unit***
-$43∕unit***
Ding et al.
(2000, 2003)
New or Rehab 
Development
0-150, 150-300, and 300-500 
feet
Significant & 
presenting diminishing 
effect by distance 
(Distance Decay)
Schill, Ellen, 
Schwartz, & 
Voicu (2002)
New Housing or 
Rehab
500 feet Significant, the impact 
varies by unit numbers 
and project type
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Table 1. Literature for Buffer Setting Under Neighborhood Continued
Study Subject Distance Buffer Size Result
Immergluck & 
Smith (2006)
Foreclosure 1/8 mile (660 ft.)
¼ mile (1,320 ft.)
Significant in 1/8 ml 
Conventional loan: - 
0.9%
Ellen et al. 
(2007)
Federally 
subsidized rental 
housing
2,000 ft. Significant, 1.1% after 
completion of the 
project.
Griswold & 
Norris (2007)
Demolition and 
Vacant Lot
0-500, 501-1,000, and 1,001 
-1,500 ft.
Significant,
diminishing by distance
Mikelbank
(2008)
Vacant,
Abandoned
House and 
Foreclosure
0-250, 251-500,501 -750, 
and 751-1,000 ft.
Significant and 
diminishing effect by 
distance
Voicu and
Been (2008)
Community
garden
1,000 ft. Sale Premium of 
3.56%***
Schuetz, Been,
& Ellen (2008)
Foreclosure
(filing)
Distance interval of 250 ft. 
up to l,000 ft.
Significant
Lin,
Rosenblatt, & 
Yao (2009)
ROE, Foreclosed 0 ~ 1 km (3280 ft.) by 0.1 
km (328 ft.) increments.
Significant within a 
radius of 0.9km(10 
blocks)
Rogers &
Winter (2009)
Foreclosure Distance Ring: By 100 yards 
(300 ft.) up to 600 yards 
(1800 ft.)
Significant across 
distance.
Harding et al. 
(2009)
Foreclosure 0-300, 300-500, 500-1,000, 
and l,000-2,000 ft.
Impact declines rapidly 
Insignificant after 500 
feet
Seo &
Rabenau
(2011)
Physical
Disorder
150 to 300 ft. Statistically significant
Daneshvary &
Clauretie
(2012)
Foreclosure Sliding Neighborhood
Within 0.1 mile (528 ft.)
0.1 -0.25 mile (1,320 ft.) 
0.25-0.5 mile (2,640 ft.)
Spillover effect of 
foreclosure
Hartley (2014) Foreclosure 0-0.05 ml., 0.05-0.1 ml., 0.1- 
0.15 ml., 0.15-0.2 ml., and 
0.2-0.25 ml.
Impact declines rapidly 
after 0.1 ml. (264 feet)
Whitaker & 
Fitzpatrick IV 
(2016)
Land Bank 
Properties
500 ft. Significant, smaller 
negative effect than that 
of distressed property
* Significant α=. 10; ** Significant α=.05; *** Significant α=.01
The externality literature of neighborhood amenity demonstrates that the impact 
of nearby properties may begin under 250 feet (Ding et al. 2000, 2003; Seo & Rabenau, 
2011) and will tend to decay along with the distance (Hartley, 2014; Lin, Rosenblatt, &
Yao, 2009; Griswold & Norris, 2007). Because of these effects, studies have examined
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multiple distance measurements. The most common method to examine a threshold or 
intensity effect is the count of properties within distance buffer (Simons et al, 1998; 
Galster & Williams, 1994; Ding et al., 2000; Schill et al., 2002; Griswold & Norris, 2007;
Mikelbank, 2008; Voicu & Been, 2008; Lin et al., 2009; Seo & Rabenau, 2011; Whitaker
& Fitzpatrick IV, 2012; 2013; Daneshvary & Clauretie, 2012).
This study follows the Whitaker & Fitzpatrick IV (2016)'s concept of evaluating 
the effect of the land bank acquisition compared to the abandoned property. They used a
distance buffer of 500 feet. Galster & Williams (1994) and Simons et al. (1998) used a
distance of one or two census blocks. The census block is considered intuitive since the
boundary of the census block varies depending on the population density of the location.
2.4 The Home Sale Value Discount Caused by Distressed Properties
The externality literature indicates that there are neighborhood factors that 
influence the price of a house. The following literature section explores the property 
value discount associated with negative externalities that spur the use of land banks and 
also demonstrates the need for additional controls for the factors that reduce housing 
price decline in a neighborhood.
Skogan (1990) postulated that there are two types of public disorders: physical 
and social. Dilapidation and abandonment are a part of physical disorder which can 
stimulate decline within the urban housing market. Existing abandoned housing 
represents an unhealthy neighborhood condition that can cause a contagious effect that 
undermines the attractiveness and profitability of neighboring buildings that are in good 
repair by sparking fear of crime or a community that no longer protects residents and
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visitors. The author concluded that “where things begin to look bad, the economic factors 
which underlie neighborhood stability can take a turn for the worse.”
For many cities, the decline has been occurring for decades, and U.S. policy 
analysts had already identified abandoned housing as a potential threat to the economic 
and social fabric of American cities as early as the 1960s (Wilson, Margulis, & Ketchum, 
1994). Early findings derived from databases starting in 1955 suggest cities maintain a 20 
percent vacancy rate which led to the theory that abandonment is an inevitable part of the 
urban environment (Schenk, 1978). Keating (2007) agreed with the assessment that there 
is an acceptable percentage of urban vacancy rate, but certain cities have exceeded the 20 
percent norm. For instance, Baltimore experienced a 31.4 percent population decline 
since 1950 contributing to escalating abandonment from 12,700 to 42,480 properties
(Cohen, 2001). Foreclosures have less of an impact than a vacant and abandoned 
property, but both are an issue (Mikelbank, 2008). The mortgage foreclosure crisis and 
subprime lending that started in the 1990s has exacerbated abandonment and vacancy 
issues (Immergluck & Smith, 2006, a2006). In 2006, there were 1.2 million foreclosure 
filings in the U.S. which increased to 2.2 million in 2007 with the highest percentage
stemming from the subprime market (Mallach, 2006). Policy instruments to address these 
issues may differ, but the goal is to return an abandoned property, no matter the cause,
into viable use.
Vacancy, abandonment, and foreclosures are linked to a property value discount 
and market failure. Immergluck & Smith (a2006) examined the foreclosure impact on
surrounding home sales. The authors found that single-family home sale prices within 
one-eighth of a mile of a conventional foreclosure decreased 0.9 percent. A less
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conservative estimation resulted in 1.14 percent decrease in the home sale price. By 
isolating properties in a low to moderate-income census tract, the housing price decreased 
1.44 percent. The authors stated that foreclosures are considered “a serious threat to 
neighborhood stabilization and community well-being in low- and moderate-income 
neighborhoods or neighborhood in which residents are struggling with various forms of 
economic stress, a foreclosure may impose significant negative externalities.” This is 
particularly true in lower income neighborhoods where foreclosures turned into 
abandoned properties at a greater rate than higher to moderate-income areas that have 
better housing demand. The potential increase in crime, drug activity, and fire not only 
decreases property values but also adds a burden on public services. Also, abandoned 
properties can decrease tax revenue for local government, exacerbate social and 
economic problems, and further diminish the stability of urban neighborhoods.
Rogers & Winter (2009) performed a nine-year study, 1998 through 2007, of
foreclosures using a spatial econometric approach. Results demonstrated a highly 
localized and expected decline in the sales price of neighboring home sales.
Lin, Rosenblatt, & Yao (2009) researched the foreclosure discount spillover effect 
and found an 8.7 percent discount. The authors theorized that when the discounted 
foreclosed sale prices are used as ‘comparables’ during real estate transactions, 
foreclosure sales will reduce the appraised values of nearby homes.
Schuetz, Been, & Ellen (2008) added in distance buffers on property sales and 
foreclosure filings in New York City from 2000 to 2005 and found indications that
neighborhoods with many foreclosures already had reduced prices and that a higher 
concentration of foreclosures increased the price discount. This issue was compounded in
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their study because a higher concentration of foreclosures existed in already depressed 
housing markets with lower overall values. Because the authors did not control for pre-
existing housing prices, issues with reverse causality may have biased the estimates.
Clauretie & Daneshvary (2012) estimated that a 20 percent foreclosure property 
discount was upward biased due to lack of controls for spatial price interdependence, the 
physical condition of the property, market timing, and property price. When the authors 
added variables to account for the physical condition of the home, economic conditions, 
and spatial controls, the discount dropped to about 7.5 percent suggesting that future 
studies require additional controls to moderate the foreclosure discount impact.
Studies have shown that previous foreclosures sell at up to a 23 percent discount 
(Forgey, Rutherford, & VanBuskirk, 1994) and Cuyahoga County Sheriff sales sold at a 
44 percent discount in 2007 (Coulton, Mikelbank, & Schramm, 2008). This discount may
spills over into the value of nearby homes.
Table 2 presents the contrasting hypothetical impact on housing values of 
abandoned properties, foreclosures, and land bank interventions based on the impact of 
vacancy, property abandonment, and foreclosure on property values.
Table 2. Direction Empirical Impact of Distressed Property
Profile Nature of 
Externality
Relationship with 
Neighborhood Quality
Relationship with Nearby 
Home Values
Abandoned & 
Vacant
Structure
Negative Decrease due to the 
perception of neighborhood 
quality
Decrease
Vacant Lot Negative Decrease due to the 
perception of neighborhood 
quality
Decrease
Foreclosed
House
Negative Decrease due to the 
perception of neighborhood 
quality and appraisal values.
Decrease
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Table 2 indicates that abandoned homes, vacant lots, and foreclosed homes
typically generate negative externality on the nearby home sales. The land bank 
acquisition may function to moderate or reduce the discount by removing an excess 
supply of vacant, abandoned, and foreclosed homes.
This study identifies the three key control variables that are associated with the 
price discount in the neighborhood housing market: 1) abandoned vacant home, 2) a 
vacant lot, and 3) foreclosed properties. Overall, this set of literature lays the foundation, 
conceptually and methodologically, to support land banking as an intervention with the 
potential to positively impact nearby housing values since the goal of the program is to 
remove the negative effect of abandoned and distressed properties.
2.5 Land Bank Intervention as an Amenity
Neighborhood externalities have been categorized into two groups: physical- 
demographical and social-economic factors (Galster, 1987; Skogan 1990). Land bank 
properties, vacant and abandoned properties, or vacant lots are physical factors that 
generate a neighborhood externality. In general, the literature supports that the vacant and 
abandoned properties have the potential to generate a negative externality that decreases a 
homeowner’s evaluation of property value while the land bank intervention, a remedy to 
vacant and abandoned properties and lots, may be perceived as a positive externality that 
increases the homeowner’s evaluation and expectation of property values. This section 
discusses the land bank intervention potential to be a positive amenity/externality that 
may generate a spatial spillover to nearby properties.
The improved physical neighborhood environment by land bank intervention may 
alter the resident’s perception and expansion in their neighborhood.
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Figure 3 presents the Galster (1987) model about the homeowner’s decision about
upkeep and investment.
Figure 3. Framework for Homeowner Upkeep Decision
(Author modified based on Galster G. C., 1987)
The physical-demographic characteristic is important information that homeowners use 
to evaluate the option to “stay and invest” or move to another location based on current 
conditions and the expectation of future issues. It has been expected that the evaluation of 
the neighborhood will be compressive and very conservative. If homeowners decide to 
stay within their neighborhood, they will invest (upkeep) their home based on current 
value and the present value of the future. The hedonic price model can capture the 
implicit prices of all attributes based on the evaluation and expectation of future increases
(Galster, 1987).
Figure 4 presents the concept that neighborhood outcomes are mathematical 
aggregation, or accumulation, of individual endogenous behaviors. Galster (1987) 
outlined the mechanism for the aggregation process from the individual to the 
neighborhood level. Individual actions in one period will affect overall neighborhood 
characteristics in the next period, which in turn affects subsequent individual behaviors.
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Figure 4. Individual Behavior and Neighborhood Outcomes: Patterns of Circular 
Causation (Galster, 1987)
If a homeowner decides to postpone repairs, and several others also decided to do the 
same, and local government is not able to keep up with public infrastructures, the overall 
physical condition in the area will be deteriorated over time. This visual decay may, in 
turn, lead to a further adjustment in individual homeowner’s upkeep strategy and may 
induce some homeowners to move out of the area (depopulation). As the aggregated level 
of housing price falls, vacancies are likely to be filled by a lower socioeconomic 
population via the filtering process (Bier, 2001) and homeownership rates may fall via 
neighborhood succession - ecological theory (Keating & Smith, 1996). The once 
cohesive social-interactive neighborhood networks become fragmented as existing 
residents are replaced by newcomers. This process may change the physical, 
demographic and social-interactive character of the neighborhood. Housing price will 
decline as a result of neighborhood decline. Economic theory explains the neighborhood 
change based on the residential preference and interplay of supply and demand 
relationship in the local housing market.
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Manski (1993) proposed the two concepts of social interactions: endogenous 
social interaction and exogenous social interaction. The first interaction exists if the 
individual’s behavior is affected by the actual behavior of his/her neighbors. Ioannides 
(2002) stated the effect as ‘keeping up with the Joneses’ resulted in a social multiplier. 
The public policy intervention may impact the behavior of entire social group. The 
impact of the land bank intervention will have spread across the neighborhood. The other, 
the exogenous social interaction exists when the individuals are responding to the average 
of individual characteristics in the neighborhoods. Recently, Ioannides (2003) presented 
the interaction of property valuation by neighborhood effect based on social interaction. 
Ioannides & Topa (2010) measured the role of neighborhood effect. The authors 
considered the neighborhood effect as synonymous for social interaction in the 
neighborhood housing markets.
2.6 Spatial Quality of the Land Bank Intervention
This section examines the spatial component of land bank properties based on the 
potential that the land bank effect has varying effects across space.
Space referenced data or spatial data have a spatial effect (Anselin, 1988;
Haining, 1990). Anselin (1988) defined this spatial effect as spatial dependence and 
spatial heterogeneity. The outcomes or incentive of individual actors are dependent not 
only on the attributes of individuals but also on the structure of their positions within the 
system, and their interactions with other individuals. Spatial effect of location, spatial 
interaction, and spatial externalities are increasingly common in theoretical formulations 
in a growing number of subfields in economics, such as public, urban, and real estate
economics and environmental and natural resource economics. Anselin (2003) stated that
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spatial externalities play a central role in the emergence of spatial thinking in mainstream 
social science. Spatial analysis can help the researcher to take dependence between 
observations into account and deal with spatially clustered phenomena.
Spatial effect violated the assumption of OLS that each observation is 
independent of other observations. Spatial autocorrelation can lead to inefficient 
estimators in the regression. Spatially correlated disturbance terms violate one of the 
main assumptions for regression (Kelejian & Robinson, 1992). OLS estimates are biased 
if the spatial dependence exists (Anselin, 1988).
Haining (1990) stated that “spatial structure arises from the operation of spatial 
processes in which spatial relationship enter explicitly into the way the process behaves.
A spatial process is a process where the change of status is due to spatial properties of the 
attribute”. The author presented four types of spatial processes that may generate spatial 
structure: 1) diffusion process in social science wherein some attribute (a piece of 
information or rumor, a newly developed commodity or technical development) is taken 
up by a fixed population. The process adoption depends on imitative behavior through 
inter-personal contact or first-hand experience. 2) Exchange and transfer urban and 
regional economies are bound together by processes of mutual commodity exchange and 
income transfer. 3) Involving interaction, in which events at one location influence and 
are influenced by events at another location. 4) Dispersal or Spread: specifying the formal 
connection between these processes and the particular mathematical structure of spatial 
dependence in attributes. The spatial process constructs the spatial structure in the space. 
The spatial structure exists; the spatial structure should be explained in the regression
model.
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Anselin (2003) stated that the principle underlying the spatial dependence is 
straightforward but modeling the spatial dependence is not simple. This study reviewed 
model specification by Anselin (2003), LaSage (2014), and Small & Steimetz (2012).
There are two ways to incorporate spatial autocorrelation in a regression model: 
the spatial lag model and a spatial error model. Spatial lag model specification includes a 
spatially autoregressive term for the dependent variable. Spatial error model specifies a 
spatial process for the disturbance terms (Anselin & Bera, 2009; Ward & Gleditsch, 
2008; Anselin, 1988). Spatial regime model and geographically weighted regressions are
commonly used to control spatial heteroscedasticity (Anselin & Rey, 2014;
Fotheringham, Brunsdon, & Charlton, 2002)
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2.7 Summary of Literature Review
There is a demand for government intervention to control wide-spread 
abandonment resulting from the foreclosure crisis. Figure 5 demonstrates the hypothetical 
relationships between the land bank intervention and property sale prices change.
Figure 5. Hypothetical Relationship between Land Bank Intervention and Property 
Values
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This study outlines how pre-existing factors were contributing to the abandonment of 
U.S. central city properties. For example, the suburban outmigration of jobs and the 
middle class have spurred inner-city property abandonment since the 1950s (Path A). 
Recently, foreclosures exacerbated the problem by adding massive amounts of 
abandoned properties to urban areas (Path B). Both factors are also directly related to 
declining property sale prices (Path C and Path D). Abandoned properties may not be 
directly related to the decreases in property values. Land Bank interventions may or may 
not be directly related to increases in property values by changing the supply and demand 
in the local housing market (Path E).
Whitaker & Fitzpatrick IV (2016) found a consistently positive direction between 
land bank properties and sales, but it was not statistically significant. Abandoned 
properties could be associated with decreases in neighborhood quality via increasing 
crime and decreasing public safety (Path G-H-I). Neighborhood residents evaluate the 
neighborhood and determine if moving is the right option. This residential mobility could 
change the socio-economic condition of the neighborhood. If the neighborhood can keep 
the population stable, it will decline and also resulted in the property value decrease (Path
J-K-L-M).
Increased levels of residential mobility could, in principle, lead to either increased 
or decreased population, depending on whether immigration exceeds outmigration. 
Abandoned properties in inner cities could result in a decreased population associated 
with reduced neighborhood quality (Path J-K-L-M). In contrast, land bank interventions 
could increase overall neighborhood quality via physical appearance, neighborhood 
satisfaction, and attractiveness improvements (Path N-Q-P). The level of neighborhood
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satisfaction could alter the resident mobility decision process. If residents decide to stay 
in their neighborhood, the neighborhood will maintain a stable status (Path R-S).
Land banking has increased in popularity as a policy instrument to manage vacant 
properties that began in the 1960s with an urban decline in certain central cities. Both 
abandonment and foreclosures have demonstrated a spillover effect that creates a 
discount on nearby property values with vacancy influencing property values (Whitaker 
& Fitzpatrick IV, 2013). This effect diminishes with distance. Also, there are spatial 
controls necessary to moderate the estimates. The potential of land banks to move 
abandoned properties into productive use is expected to reduce the discount spillover 
effect found in previous research. However, research has also found that market 
conditions influence the intensity of the discount. Due to the suppressed real estate 
market from the subprime mortgage crisis that spurred record foreclosure rates and 
abandonment, it is expected that land banking will moderate the rate of decline of home 
prices and may not reverse the condition. The hedonic method, with spatial corrections, is 
utilized to analyze the land bank intervention.
The land bank program aims to revitalize or stabilize the distressed urban 
neighborhood in the long run. The land bank could be a factor in reinforcing home 
maintenance via social and spatial interaction. The program also is a factor in changing 
the expectations for the future neighborhood. The program could be a factor in changing 
the level of maintenance in the neighborhood.
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CHAPTER III
RESEARCH DESIGN & METHODOLOGY
The previous literature review section presented the conceptual framework for the 
expected relationship between land bank policy interventions and nearby property values. 
This chapter describes the research methodology used to test the hypothesized 
relationships. First is a discussion of the research design followed by a review of the data 
with its limitations and an explanation of the control variables. Next is an analytical 
process that follows the framework built by Whitaker & Fitzpatrick IV (2016), Lin et al., 
(2009), Daneshvary & Clauretie (2012), and Griswold & Norris (2007) to measure the 
spatial spillover impact of the land bank intervention on nearby home sale values.
3.1 Research Conceptual Model
The primary objective of this research is to evaluate whether or not there is a 
spillover effect of land bank acquisitions on nearby home values. Figure 6 presents the 
conceptual model of this study which demonstrates that abandonment and foreclosures 
have a negative relationship on the perceived quality of the neighborhood since it 
generates a negative externality on nearby property values. The land bank program has 
been addressing the impact of these externalities by mitigating property abandonment.
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Foreclosed properties qualify for a land bank intervention if they have been subsequently 
abandoned. However, the land bank program can target only a portion of those properties
Figure 6. Conceptual Model
The primary impact of a land bank program is expected to be the reduction of the 
negative effect of the properties by reducing the supply of abandoned distressed
properties and the resulting spillover improvement to overall neighborhood quality.
3.2 Research Design
This research is a two-year cross-sectional case study that examining how land 
bank acquisitions have affected nearby home sale prices in the shrinking rust belt city of 
Cleveland, Ohio during a weak housing market period. The objective of this study is to 
measure the spillover effect of the land bank intervention on nearby home sales in the 
neighborhood. This study assumes that the land bank properties are one part of the 
neighborhood physical amenities. This study utilizes the hedonic model to measure the
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impact of past land bank property acquisitions as an implicit price in the current home 
sale price (Rosen, 1974; Freeman III, 1978).
A method is designed for this study to capture the effectiveness of land bank 
acquisitions while controlling the density of the abandoned properties in neighborhoods. 
The land bank can offset the negative effect of the distressed or abandoned properties by 
acquiring these properties. The land bank may then demolish abandoned properties when 
the structure cannot be salvaged. The land bank removes any debris or trash on 
abandoned, vacant lots and then maintains them. These properties can be held in the land 
bank, sold to a resident for side yard expansion, or sold to a developer for new 
commercial or housing development.
This study adopts the conceptual research framework that Whitaker & Fitzpatrick 
IV (2016) established. The authors derived the effect of land bank acquisitions by 
comparing the effect of land bank acquisition with comparable properties based on the 
assumption that “if the land bank did not exist, all land bank acquired and demolished 
houses would have continued to have the negative externalities estimated for pre-land 
bank houses instead of the negative externalities estimated for acquired or demolished 
properties.”
Whitaker & Fitzpatrick IV (2016) created a pre-land bank variable as a proxy 
measurement of the abandonment mitigation that resulted from the land bank acquisition. 
The authors conceptually defined the pure land bank acquisition effect as the difference 
between the effect of land bank acquisition (smaller negative or positive effect) and the 
effect of the pre-land bank property reflecting the impact of the land bank program.
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Table 3 summarizes the land bank variables and relationship with nearby home
sales.
Table 3. Land Bank Acquisition Variable and Relationship with Nearby Sale Price
Profile Variable Definition Relationship with 
nearby home sale 
prices
Reference
Land bank 
acquisition
LBACQx The land bank has 
acquired the 
property before the 
sale date.
Positive or 
smaller negative 
than abandoned 
properties
Whitaker & 
Fitzpatrick IV 
(2016)
LBACQxtl2 The land bank has 
acquired the 
property previously 
within two-year 
from the sale date.
Positive or 
smaller negative 
than abandoned 
properties
A new variable 
defined in this 
study
Pre-land
bank
PLBxt6m The land bank will 
acquire the 
property within six 
months from the 
sale date.
Negative
externality
Whitaker & 
Fitzpatrick IV 
(2016)
PLBxtl The land bank will 
acquire the 
property within one 
year from the sale 
date.
Negative
externality
A new variable 
defined in this 
study
This research modified the term of the pre-land bank count within buffer ‘x’ feet 
from six months (PLBxt6m) to one year (PLBxtl) from the sale date to consider the 
administrative time of local government and foreclosure proceedings. This study focuses 
on evaluating the effect of land bank acquisition in the previous two years within an ‘x’ 
feet distance buffer from the sale date (LBACQxtl2). This study defines the 'x' feet 
buffers of 500 feet and 1,000 feet. This variable captures the two years of short-term land 
bank operation including properties that were acquired within one year and were then 
maintained by the land bank in the following year. LBACQx denotes that all land bank 
properties were acquired before the sale date (Whitaker & Fitzpatrick IV, 2016).
41
This study assumes that the abandoned properties, which were acquired by one of 
the land banks in the previous two years from the sale moment, will have the equivalent 
(negative) externality as the abandoned properties that will be acquired by the land bank 
within one year from the sale date. Equation 1 demonstrates Whitaker & Fitzpatrick IV 
(2016)'s model estimate interpretation.
Pure effect of LB Acquisition=LBACQx- PLBxt6m (1)
The authors presented the land bank effect with the difference between land bank 
acquisition and pre-land bank with the hedonic model. The hedonic method estimated the 
explicit price by the number of land bank acquisitions within a 500 feet buffer and pre-
land bank count in the same buffer. The authors reported the difference between the two 
variables as a pure land bank acquisition effect in equation 1.
Equation 2 shows the concept of measuring the two years of land bank 
acquisitions (LBACQxtl2) in this study.
Pure effect of two years of LB Acquisition=LBACQxtl2- PLBxtl (2)
Equation 3 shows the conceptual model following Whitaker & Fitzpatrick IV
(2016).
ln(P) = β0 + β1LBACQxtl2 + β2PreLBxt1+u (3)
This design does not permit the use of the individual t-statistics for β1and β2 to
test the null hypothesis Ho requiring the models in equation 4 and equation 5. Equation 6
demonstrates the t-statistic measurement method. Applying the Ho in equation 4 into
equation 6 results in equation 7. Equation 8 demonstrates the standard error of two
parameters.
H0: β1 - β2= 0 (4)
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General econometric books defines the mathematical method to compute se(β1 — 
β2) in equation 8 (Wooldridge, 2006; Greene, 2003). However, Wooldridge (2006) 
points out the difficulty of hypothesis testing in the presence of combination parameters 
because only the more advanced econometric programs can provide the standard erτor of 
linear combinations parameters in equation 7. The alternative model enables the standard 
econometric software to deliver the information for the hypothesis of linear 
combinations. Therefore, this study developed an alternative model following 
Wooldridge (2006) in equations 9-13.
The variable θ1 is defined as the pure land lank effect; the difference between the
effect of two years of land bank acquisitions and the pre-land bank measurement in
twelve months.
Letting the β1 = θ1 + β2 from equation 9 plug into equation 3 resulted in the
following equation 11.
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The null and alternative hypothesis follows: H0 : θ1 = 0 and H1: θ1 > 0.
Under the H0 , the t statistics is as follows:
This study also defines a new variable that measures the total number of targeted 
abandoned properties within two years by the land bank (LBTarPropxtl2) as follows: 
LBTarPropxtl2 = LBACQxtl2 + PreLBxtl. The resulting specification of the alternative
model is as follows in equation 13. With this alternative model, the hypothesis for the 
pure impact of two years of land bank acquisition can be tested as one parameter.
Table 4. Total Land Bank Targeted Property and Relationship with Nearby Sale 
Price
Description Variable Name Definition 
(from sale location)
Relationship with nearby 
home sale prices
Total land bank 
targeted properties
LBTarPropx The property has been 
acquired by the land bank 
and properties that land 
bank will acquire in 12 
months within buffer x ft.
Whitaker & Fitzpatrick
IV (2016)
The same negative effect 
of the pre-land bank
Total Short-term 
land bank targeted 
properties
LBTarPropxtl2 The property has been 
acquired by the land bank 
previous two years and 
properties that land bank 
will acquire in 12 months 
within buffer x ft.
Defined variable by this 
study
The same negative effect 
of the pre-land bank
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The estimate of the LBTarPropx is β2. The PLBx also has the same estimate, β2.
With these changes, the ϴ1will represent the estimate of the pure effect of two year of
land bank acquisition that is defined as the difference between two estimates: 
LBACQxtl2 and PLBxtl in equation 2. This alternative modeling provides more
intuitive information of land bank activity than that of the previous study by Whitaker & 
Fitzpatrick IV (2016).
Table 4 summarizes the definition of the total land bank targeted properties and 
the relationship with nearby home sales.
Because the land bank is targeting abandoned properties, the relationship of land 
bank targeted properties with the nearby home sale price is expected to have a negative 
relationship. The effect of current abandoned properties (PLBxtl) estimates of the size of 
the negative effect.
Cross-sectional studies often ignore the time dimension since Anselin (1988) 
stated that considering the time dimension increases the complexity of the model that 
must be taken into account. For example, Helms (2012) assumed that renovation data 
over a five-year time span occurred at the same time to evaluate the spillover effect of 
renovations in the neighborhood. However, nearby property values depend on recent sale 
history which has a temporal and spatial quality, but many studies are cross-sectional 
which treat time and space as ‘all happening at once and in the same proximity.’ Pace et 
al. (1998) expanded the discussion to include spatial and temporal dimensions in the 
empirical hedonic price model. Many studies utilize the R-software to analyze spatial 
econometric models and the statistical analysis. At this time, the R-software is unable to 
manage spatial and temporal dimensions simultaneously while constructing the spatial 
weight matrix. Therefore, this study’s examination of two-years of sale data manages the 
temporal dimension which is a short enough time frame to be considered relevant sale 
data. This study also selected a previous two-year span in response to the question of how 
long the negative externality of the abandoned property could be considered compared to 
the effect of land bank improvement by acquisition.
Figure 7 illustrates the study period in the context of how long the CLB and 
CLRCC have been operational from January 2009 to August 2015.
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Figure 7. Timeline of the Study
The study selected the period from 9/1/2012 to 8/31/2014 to allow for at least two-years 
of CLB land bank acquisitions after one year of CCLRC operation.
This study assumes that the land bank impacts are limited within a certain space 
due to an expected distance decay effect according to the literature review section 2.3.2. 
The census block may be a more flexible way to define the amenity measurement since 
the size of the census block is depending on the population density of the location.
Figure 8 depicts an example of the actual size of the census block in the City of
Cleveland.
Figure 8. Census Block Size in the City of Cleveland
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More recent literature proposes a micro-neighborhood defined as a smaller bounded 
geographical area in the neighborhood (Seo & Rabenau, 2011; Heckert & Mennis, 2012; 
Whitaker & Fitzpatrick IV, 2016). To better measure these interactions, this study 
defined a certain space based on the concept of “sliding neighborhood” (Guo & Bhat, 
2007). The “sliding neighborhood” theorizes that the surrounding environment, in all
directions within a given area, is equally important to the point of interest. The authors 
use a circular-unit representation which is suitable when there are no natural or artificial 
obstructions within the area. According to the literature of the different smaller 
neighborhood boundaries in Chapter II, the largest land bank impact is expected to occur 
within a one or two block area. This study calculated the average block length based on 
the minimum boundary by “circle by area” within GIS.
The creation of the micro-neighborhood boundary, Figure 9, depicts the 
representation of micro-neighborhood by circular-unit.
Figure 9. Size of the Distance Buffer
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The “circle by area” is the smallest circle area enclosing the average census block size 
in the City of Cleveland. This study creates a 500-feet buffer from the sale location to 
represent the average size of a census block and a 1,000 feet buffer which closely 
matches a two-census block area in the City of Cleveland.
1) l~500 feet: The land bank properties are located within a census block, and it is 
visible from the nearby property sale.
2) l~l,000 feet: The land bank properties are located within two census blocks 
which may not be visible but could indirectly influence the home sale by altering 
nearby home values. This study has an expectation of a density effect and that 
more land bank activity will increase the overall impact on nearby property 
values. This study also examines the distance decay or diffusion effect with larger
distance buffer.
This study also adopted a necessary special correction to resolve the spatial 
autocorrelation and heteroscedasticity in the data. The previous chapters discussed the 
potential for an endogenous spatial spillover effect of the land bank intervention. This 
study applies the spatial lag model to resolve the spatial auto-correlation and the 
geographically weighted regression to treat the heteroscedasticity in the structure of the
data.
3.3 Research Question and Hypotheses
The objective of this study is to evaluate the spillover effect of the land bank on 
properties in nearby neighborhoods. The following section presents each hypothesis test 
in the statistical model. The primary research question is as follows: Has the land bank
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public policy intervention created a positive spillover effect on the nearby property in the 
neighborhoods in the City of Cleveland, Ohio?
3.3.1 Land Bank Acquisition and Pre-Land Bank Effect Hypothesis
In the hedonic model, neighborhood amenity variables are externally associated 
with the property owners. The presence of neighborhood amenity attributes generates a 
positive or negative externality that is capitalized into the property values (Segerson,
2001).
The first set of hypotheses will examine the impact of the primary variables in the 
conceptual model and research design described in Sections 3.1 and 3.2.
The first primary variable measures the average impact of the count of all land 
bank acquisitions on neighboring property values before the sale (Whitaker & Fitzpatrick 
IV, 2016; Griswold & Norris, 2007). This hypothesis for the average impact of the count 
of all land bank acquisitions on neighboring property values before sale data is as
follows:
Hypothesis 1-1 for Land Bank Acquisition Effect (LBACQx):
There is a relationship between the count of land bank acquisitions within a 
distance buffer of ‘x’ and the nearby home sale values. If 'x' is ‘5’ and the buffer is 1-500
feet. If ‘x’ is ‘lk,’ the buffer is between 1-1,000 feet.
The second primary variable is the impact of the count of the land bank 
acquisition within the previous two years from the sale data (LBACQxtl2). This variable 
estimates the effect of the short-term land bank operation. This study uses a two-year 
span of time, within distance buffer of ‘x,’ to capture the temporal closeness of the data 
as defined in Section 3.2. The hypothesis is as follows:
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Hypothesis 1-2 for Short-term Land Bank Effect (LBACQxtl2):
There is a relationship between the nearby home sales and the count of the land 
bank properties that have been acquired within two years from the sale date and within a
distance buffer of ‘x’ from the sale location; if ‘x’ is ‘5’, the buffer is between 1-500 feet.
If ‘x’ is ‘lk’ the buffer is between 1-1,000 feet.
The third primary variable is the number of the pre-land bank properties (PLBxtl)
which may also demonstrate effects at varying distances on nearby home values 
(Whitaker & Fitzpatrick IV, 2016). The hypothesis is as follows:
Hypothesis 1-3 for the Pre-Land Bank Property Effect (PLBxtl):
There is a relationship between the numbers of pre-land bank properties a distance
buffer of ‘x’ and the home sale values; if ‘x’ is ‘5’ the buffer is between 1-500 feet. If ‘x’
is ‘lk,’ the buffer is between 1-1,000 feet.
The final primary variable of interest is the total land bank targeted properties. 
This measure of properties, within buffer ‘x,’ that have been, or will be, acquired by one 
of the two land banks (LBTarPropxtl2) (Wooldridge, 2006). The hypothesis is as
follows:
Hypothesis 1-4 for Short-Term Land Bank Targeted Property (LBTarPropxtl2):
There is a relationship between total targeted land bank properties in the past two 
years and 12 months in the future within a distance buffer of ‘x’ on the nearby home sale
values; if‘x’ is ‘5’, the buffer between 1-500 feet. If‘x’ is ‘lk,’ the buffer is between 1-
1,000 feet.
3.3.2 Pure Effect of Short-term Land Bank Acquisition Hypothesis
This hypothesis is a combination of two parameters to test the difference between 
the short-term effect of land bank acquisition (LBACQxtl2) and the pre-land bank
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(PLBxtl). The expectation is that that short-term is greater than the pre-land bank 
property effect. This study names this hypothesis with the pure effect of land bank 
acquisition. The hypothesis is as follows:
Hypothesis 2 for the short-term effect of the land bank acquisitions:
The effect of the short-term land bank acquisition (LBACQxtl2) is greater than 
the effect of the abandoned properties (PLBxtl).
3.3.3 Spatial Spillover of Land Bank Acquisition Hypothesis
Neighborhood quality is a public good that is produced by neighbors who enhance 
or fail to maintain their properties thus indirectly affecting their neighbors’ property 
values (Leonard & Murdoch, 2009; Bartik, 1988). Theoretically, the spillover reaction of 
one resident corresponds with the level of the investment or disinvestment by 
surrounding neighbors (Brueckner, 2003; Anselin, 2003). There is an expectation that the
land bank program creates a perception of neighborhood investment reflected through a 
positive impact on nearby property values (Heckert & Mennis, 2012; Whitaker & 
Fitzpatrick IV, 2016), but the previous literature has not yet tested the spatial spillover 
effect of land bank activity. This hypothesis is tested with the spatial autoregressive 
parameter. If the autoregressive parameter is statistically significant and is not zero, a 
spatial spillover effect exists (Kelejian et al., 2003; Helms, 2012). Therefore, this study 
posits the hypothesis for the spatial spillover effect as follows:
Hypothesis 3 for Spatial Spillover Effect of Land Bank Acquisition:
The land bank acquisitions within a distance buffer of ‘x’ from the sale location at 
‘i’ may affect the neighborhood perception and expectation of homeowner of location at
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‘i’ and this change will interact with that of the homeowner of location at ‘j’ who may or 
may not be aware of the land bank program.
3.4 Setting of the Study Area
The City of Cleveland is the largest of three cities in the Cleveland-Akron-Canton 
Combined Statistical Area (CSA) in the northeast part of the State of Ohio. During the 
early 1900s, Cleveland was the fifth largest city in the U.S. and fueled the industrial 
revolution. The city has been declining since the 1950s (Keating, 2015) and is now the 
51st largest city in the U.S. and the second largest in Ohio.
Table 5 demonstrates the link between inner city population loss, vacancy rates, 
and Cleveland’s position in the urban decline epidemic in the United States (Schilling &
Logan, 2008).
Table 5. Top Five Cities by Population Loss
From 1960 to 2000
Pop Loss (%) Rank Vacancy (%) Rank
St. Louis, MO 53.6 1st 37.2 4th
Youngstown, OH 51.6 2nd 12.6 20th
Cleveland, OH 45.4 3rd 26.7 10th
Buffalo, NY 45.1 4* 41.6 2nd
Pittsburgh, PA 44.6 5th 35.8 5th
Source: Schilling and Logan (2008)
Cleveland, Ohio is ranked third for the largest population loss and also has had 
high property vacancy rates over 25 percent, the tenth in the nation. St. Louis is ranked 
first in population decline at 53.6 percent and fourth in vacancy rates. Cleveland was one 
of the first cities in the nation to implement a land bank intervention to control urban 
decline. Following the 2000’s housing crisis, Cuyahoga County instituted a new more 
robust land bank that acts in concert with the city.
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Table 6 demonstrates the population decline in Cleveland over four decades. The 
population of the City of Cleveland in 2015 was estimated to be 390,584 by the U.S.
Census Bureau.
Table 6. Population Change: 2000-2014
Geography 2000 2010 2015 % Change 
00-10
% Change 
10-15
% Change 
00-15
Cleveland City 478,403 396,830 390,584 -17.05% -1.57% -18.36%
% Of County 34.30% 31.00% 30.92%
Suburban
Cities 915,575 883,292 872,605 -3.53% -1.21% -4.69%
% Of County 65.70% 69.00% 69.08%
County 1,393,978 1,280,122 1,263,189 -8.17% -0.98% -9.38%
% Of State 12.30% 11.10% 10.96%
Ohio 11,353,140 11,536,504 11,575,977 1.62% 0.21% 1.96%
% Of US 4.00% 3.70% 3.68%
US 281,421,906 308,745,538 316,515,021 9.71% 1.74% 12.47%
Source: U.S. Census Bureau, Census 2000 & 2010, Population and Housing Unit Counts; 
ACS2010 & 2015 5-Years Estimates
From 2000 to 2010, Cleveland’s population declined by 17.1 percent. The 
population continuously declined 1.6 percent per year from 2010 to 2015. The population 
of 390,584 in 2015 represents an 18.4 percent decline since 2000. The decline in the City
of Cleveland was 13.7 percentage points higher than in suburban cities in Cuyahoga 
County from 2000 to 2015.
Table 7 demonstrates that racial distribution has been dynamic over five years
from 2011 to 2015.
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Table 7. Race Distribution: 2010 - 2015
Geography City of Cleveland Suburban Cities in County Cuyahoga County
Year 2010 2015 %
Change
2010 2015 %
Change
2010 2015 %∕O
Change
Total
Population 396,830 390,584 -1.57% 883,292 872,605 -1.21% 1,280,122 1,263,189 -1.32%
% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
White 147,924 133,240 -9.93% 666,179 629,585 -5.49% 814,103 762,825 -6.30%
%
37.28% 34.11% 75.42% 72.15% 63.60% 60.39%
African
American 211,691 198,384 -6.29% 168,507 171,943 2.04% 380,198 370,327 -2.60%
%
53.35% 50.79% 19.08% 19.70% 29.70% 29.32%
American
Indian 1,340 871 35.00% 1,238 1,132 -8.56% 2,578 2,003 -22.30%
%
0.34% 0.22% 0.14% 0.13% 0.20% 0.16%
Asian/
Pacific 7,447 7,276 -2.30% 25,721 27,687 7.64% 33,168 34,963 5.41%
%
1.88% 1.86% 2.91% 3.17% 2.59% 2.77%
Other races 28,427 9,791 65.56% 21,648 16,864 -22.10% 50,075 26,655 -46.77%
%
7.16% 2.51% 2.45% 1.93% 3.91% 2.11%
Hispanic 39,533 41,022 3.63% 21,737 25,394 16.82% 61,270 66,416 8.40%
%
9.96% 10.50% 2.46% 2.91% 4.79% 5.26%
Source: U.S. Census Bureau, ACS2006-2010 5 Year Estimates, ACS2011-2015 5 Year Estimates
The White population declined 9.9 percent. Populations of all minority groups 
dropped except Hispanic or Latino during this time span. However, the minority portion 
of the population in Cleveland was still much higher than in Cuyahoga County. The 
percentage of African-Americans in Cleveland (50.8 percent) was still much higher than 
in the suburban cities in the county (19.7 percent) and was reflected in the higher
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percentage rate for the county (29.3 percent) when the city and balance of the county
were combined.
Table 8 demonstrates the distribution of housing units built before 1950 by tenure.
Field Name
Clevelan
d
(% of 
County)
(% of 
State)
Cuyahog 
a County
(% of 
State) Ohio
Total Occupied Housing 
Units
167,100 31.3% 3.6% 534,719 11.7% 4,585,08
4
Owner Occupied Housing 
Units
70,489
(42.2%)
22.2% 2.3% 317,310
(53.9%)
10.4% 3,040,44
4
(66.3%)
Occupied Units Built
Before 1950
48,023
(68.1%)
42.7% 6.4% 112,550
(35.5%)
15.1% 746,933
(24.6%)
Median Year of Owner- 
Occupied Housing Units
1939 1956 1968
Renter Occupied Housing 
Units
96,611
(57.8%)
44.4% 6.3% 217,409
(40.7%)
14.1% 1,544,64
0
(33.7%)
Occupied Units Built
Before 1950
57,270
(59.3%)
64.8% 13.4% 88,407
(40.7%)
20.8% 425,949
(27.6%0
Median Year of Renter- 
Occupied Housing Units
1941 1956 1967
Source: Census 2011-2015 American Community Survey 5 Year Estimates
Cleveland holds a higher portion of aged renter-occupied housing units than that 
of the County. Due to the chronic vacancy, abandonment, decades of disinvestment, 
population loss, and the presence of a robust two-system land bank programs, Cleveland
is a model test case for similar cities in the Northeast, Midwest, or Rust Belt that have
similar characteristics.
3.5 Data Sources
The data used to estimate the effect of the land bank acquisition contains sale 
prices, housing characteristics, and location information for single-family, two-family, 
and three-family homes in the city of Cleveland. The hedonic model commonly requires 
measures for structural, various neighborhood-level characteristics, location attributes,
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Table 8. Distribution of Housing Units Built Before 1950 by Tenure in 2015
and control for seasonality. Table 9 Data Sources present a condensed version of the 
datasets used in this study.
Table 9. Data Sources
Types of Data Description Source
Homes Sales 1F~3F Property Sales from
Sep 2012 to Aug 2014
Cuyahoga County Fiscal
Office, Auditor Property 
Information via NEOCANDO 
System
Cleveland Land Bank 
Property
Acquisitions and Dispositions 
from Jan 2009 to Sep 2015.
Land Reutilization Program of 
the City of Cleveland, 
Comprehensive
Administrative Database
Cuyahoga County
Land Bank Property
Acquisitions and Dispositions 
from Nov 2009 to Sep 2015.
CCLRC Administrative
System via NEOCANDO
Home Physical 
Characteristics
From 2012 to 2014
Property tax and residential 
building appraisal
Cuyahoga County Fiscal
Office Property Information.
Sheriffs Sale From 2007 to 2014 Data Cuyahoga County Fiscal 
Office, Auditor Property 
Information via Cleveland
State U.
Tax Delinquency From 2009 to 2014 Data Cuyahoga County Fiscal 
Office, Auditor Property 
Information via NEOCANDO 
System
Building Permit for 
Board up
From 2009 to 2014 City of Cleveland, Building & 
Housing Dept.
Vacancy Information From 2012 to 2014 USPS Vacancy Data via 
NEOCANDO System
The homes sales data are annually collected from the Cuyahoga County Fiscal 
Office, Auditor Property Information via Cleveland State University. The land bank 
properties are derived from two data sets: 1) the Land Bank Tracking System by the City 
of Cleveland Land Reutilization Program of the Community Development Department 
and 2) the Cuyahoga County Land Reutilization Corporation Administrative System 
Comprehensive Administrative Database via NEOCANDO. A full set of variables and
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operationalization for home physical characteristics, derived from the Cuyahoga County 
Fiscal Office Property Information, can be found in Appendix I. Tax Delinquency is
reported from the County Auditor via NEOCANDO. The “Building Permit for Board 
Up” is derived from the City of Cleveland and vacant home information from USPS 
Vacancy Data via NEOCANDO.
This study included IF ~ 3F home arm length sales from September 2012 to 
August 2014 with IF single family, 2F as a two-family, and 3F as a three-family dwelling
on land use codes: 5100, 5200, and 5300. This study adopted that definition of arm length 
sale1 by Whitaker & Fitzpatrick IV (2016): all sales except those transferred at Sheriff 
sale, purchased by a bank or federal agency, recorded with a zero price, or completed by
bulk sale.
There is a total of 19,700 sales with all deeds from 2011 to 2014 in the City of
Cleveland. This study also excluded sales if the deed type is blank, an erroneous deed, 
land contract, 99-year lease, refile deed, receiver deed, or Sheriff Deed since these are not 
normal real housing market sales. This study also excluded sales if they were bulk sales 
(multiple properties in one sale) or if the GRANTOR (seller) is the mortgagee or a 
relative. These exclusions left a total of 15,272 sales. This study assigned the longitude 
and latitude to each parcel: 15,251 parcels among 15,272 (99.9 percent with 21 lost 
sales). After adding a structural attribute, neighborhood attribute, a location attribute, 
there were a total of 15,001 sales remaining. For the study period of September lst, 2012
1 This study follows the definition of arm length sale by Whitaker & Fitzpatrick. The field of arm length 
sales has been coded by NEOCANDO. This study produced a primarily sales data by selecting sales from 
Cleveland State University with the arm length field from NEOCANDO.
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to August 31st, 2014, and the exclusion of sale amounts less than or equal $1,000, the 
total records in this study is 7,354 properties.
3.6 Variable Definition and Operationalization
The following section presents the operationalization of the variables of interest 
and their operationalization.
3.6.1 Dependent Variable: Home Sales
Sale prices are the generally recognized proxy measure for neighborhood quality 
because other aspects of the neighborhood are captured into property values (Schill et al., 
2002; Ding & Knapp, 2003; Galster et al., 2005). This study uses the home sale as a 
measure of the quality of the neighborhood through a logarithmic price calculation.
3.6.2 Variable of Interest Definition and Operationalization: Land Bank Properties
The primary variable of interest is land bank properties. The following presents 
the variables and their operationalization. This study adopts the density measure of the 
variable of interest. This study uses the count measure with a distance buffer a proxy of 
the density measure (Griswold & Norris, 2007).
3.6.2.1 The Count of Land Bank Acquisitions
The primary variable of interest is LBACQ5 and LBACQlk which will measure
the count of land bank acquisitions. This study expects that land banking, in general, will 
have a smaller negative impact on nearby home sale values than that of the abandoned 
properties that the land bank will acquire in the future. The count of land bank properties 
includes acquisitions from the CLC and CCLRC with two different buffers: LBACQ5 is
1-500 feet, and LBACQlk is 1-1,000 feet. A new variable, LBACQxtl2, is added to
measure the count of the land bank acquisition within two years. This variable will
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measure the effect of land bank acquisition in the past two years representing the short-
term effect of land bank activities.
3.6.2.2 The Count of Pre-Land Bank Property
The pre-land bank variables PLB5tl and PLBlktl are the count of properties that 
will be acquired within 12 months at the two distance buffers: ‘5’ if between 1-500 feet 
and ‘lk’ if between 1-1,000 feet. This variable estimates the current abandoned properties 
that the land bank is processing to acquire within one year in the future. Whitaker & 
Fitzpatrick IV (2016) examined properties acquired by a land bank within six months, the 
average period to acquire an abandoned property following tax foreclosure proceedings. 
This study extended it to 12 months to include all properties under the land bank 
acquisition process. This variable controls for reverse causality and provides information 
on the ability of a land bank to mitigate declining home values. This study permits at 
least one year of time to measure parcels in the Court or administrative process.
3.6.2.3 Total Land Bank Targeted Properties within Two Years (LBTarPropxtl2)
This variable is the sum of LBACQxtl2 and PLBxtl representing the total land
bank targeted property in the current year and within two years. (LBTarPropxtl2) by land 
bank is operationalized as follows: LBTarPropxtl2 = LBACQxtl2 + PLBxtl.
3.6.3 Control Variable Definitions and Operationalization
Appendix I presents the list and definition of all variables. In the following 
sections, each variable’s inclusion, operationalization, and expected impact is discussed 
in greater detail.
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3.6.3.1 Distressed Properties
The following variables are those commonly used in negative externality 
literature to represent distressed properties. This includes three variables: vacant and 
abandoned homes, vacant lots, and foreclosed properties which are expected to have a 
strong negative effect on nearby property values. This study includes the distressed 
properties outside the city boundary if they are located within the buffer from the sale
location.
3.6.3.1.1 Vacant & Abandoned Homes
Vacant and abandoned homes VAH5 and VAHlk are expected to have a strong 
negative effect on nearby home values. The variable is the count of vacant & abandoned 
residential structures within 1-500 feet and 1-1,000 feet respectively from the sale.
Homes that have been “boarded up” or, that are tax-delinquent, have been used as proxies 
for abandonment and neighborhood disinvestment. However, the property may still have 
either occupancy. This study supplements the USPS vacancy data from January 2012 to 
December 2014. If the home was vacant at the beginning of the period and the end of the 
period, it is interpreted as vacant between those two periods. If it is reported as vacant at 
one point and occupied at a different time, it is interpreted as occupied. The list of vacant 
properties is cross-referenced with tax delinquency and a “boarded up” permit status (Seo 
& Rabenau, 2011).
3.6.3.1.2 Vacant Lot
The vacant lot variables, VLot5 and Vlotlk, is the count of vacant lots within a
distance of 1 to 500-feet and 1 to 1,000-feet respectively from the sale. According to the 
Whitaker & Fitzpatrick IV (2013; 2016) method, this study assigns the lot vacant if the
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building value, or a number of buildings, is zero. This study excludes the land bank 
properties from the vacant lot.
3.6.3.1.3 Foreclosed Sale
The foreclosed property, Fsale5 and Fsalelk, is the count of foreclosed properties 
within a distance of 1 to 500-feet and 1 to 1,000 feet respectively from the sale. Based on 
previous literature, it is expected that foreclosed sales will cause a strong property 
discount (Forge et al., 1994; Lin & Yao, 2009). The last stage of the foreclosure process 
is a Sheriffs auction. This study created a subset of total sales data from 2009 to 2014 in 
the City of Cleveland. This study counted the foreclosed sale within one year previous to
the sale date.
3.6.3.2 Status of Sales: Sherriff Sale or Tax Delinquent or Deed Type
This study incorporated three index variables into the model to control for the 
possibility of a discounted transaction.
The first is the PreSheriff variable. Homes previously sold on the Sheriffs 
auction were found to sell at a price discount (Coulton, Schramm, & Mikelbank, 2008). 
The PreSheriff is ‘ 1 ’ if the sale was sold on Sheriff's auction in the previous two years. 
The second variable accounts for the tax delinquency status because this may spur 
homeowners to sell below market price. The TaxDelq variable is “1” if the home is tax 
delinquent. The third variable controls for the Deed type. Warranty or Survivorship 
Deeds are typically associated with higher sale price compared to Quit Claim or Limited 
Warranty Deed. A set of index variables represent the Deed type of the home sale: 
DWAR for Warranty Deed, DSURV for Survivorship Deed, DLWAR for Limited
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Warranty Deed, DQCD for Quit Claim Deed, and DOther for rest. DWAR is omitted as a
reference.
3.6.3.3 Home Structural Variables
This study includes continuous or dummy variables to control for home structural 
characteristics. This study selected home structure attributes from an empirical study 
based on the Cleveland area (Whitaker & Fitzpatrick IV, 2013,2016; Bowen, Mikelbank,
& Prestegaard, 2001; Simons, Quercia, & Maric, 1998) as follows: year constructed 
(AGE), lot size (LOTSQFT), total living area size (LAREASQFT), number of bedrooms
(BED), index variable of number of bathrooms (one full bathroom (DBATH1); two full
baths (DBATH2), more than two full baths (DBATH3m), and one half bathroom
(halfbath), the presence of central air conditioning (CENTRALAIR), heat type 
(FORCEDAIR), housing style index variable (Ranch (RAN), Colonial (COL), Bungalow
(BUN), Townhouse (TOWNH), and ‘other’), garage type index variable
(ATTACHGARAGE), number of garage capacity (GARAGE), house condition index 
variable (CONDITION), house construction quality index variable (QUALITY). Refer to 
Appendix I for a list and definition of these variables.
3.6.3.4 Neighborhood Attributes
This study includes neighborhood attributes as follows: the percentage of African 
American population (PctAA), median household income in the past 12 months 
(MHH Inc), percent of house vacancy (PctHVacant), percent of homeowner occupancy 
(PctOwnOcc), and the percent of 25 years or over tract population with BA or higher 
educational attainment (PctBAHigh).
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3.6.3.5 Locational Attribute
The Central Business Districts (CBD) is the location of employment. The 
standard urban economic model by William Alonso, Edwin Mills, and Richard Muth is 
based on the monocentric model that employment is located in the CBD (Ottensmann, 
Payton, & Man, 2008). Cleveland is a monocentric city. This study includes distance to 
the CBD (CBDml). This study also adopts the distance to the neighborhood urban center 
as an employment center of the neighborhood (NUCml) where is the central location of 
the commercial strip in the neighborhood. This study also includes the distance to the 
closest highway exit (HEXITml) to specify the location in the hedonic model (Li &
Brown, 1980).
3.6.3.6 Land Use Code
Land price could differ across the uses because of zoning (Grieson & White,
1981; 1989). This study constructed three indicator variables: if the zone is for one 
family, ZONE IF is one. If the zoning code is for two families, then the ZONE2F is one.
If the zoning code is not one family or two families, OtherZone is one. This study omitted
the other zone code as a reference.
3.6.3.7 Closeness to the Land Bank Property
The land bank program is more likely to acquire properties in already distressed 
areas of the neighborhoods. Therefore, nearby home sale from the location of land bank 
acquisition properties may have lower sale values than those that are far away from the 
land bank. This study follows other studies and adopts the Treatx variable to control this 
discount effect (Schill, Ellen, Schwartz, & Voicu, 2002; Galster, Santiago, Smith, & 
Tatian, 1999; Galster & Williams, 1994). This study assigned the value of “1” to Treat5 if
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the sale location exists within 500-feet from any land bank property and “1” to Treatlk if
the sale location is in a distance buffer of 1,000 feet.
3.6.3.8 Seasonality and Sale Year Control
There is an expectation that the housing sale price may vary within different time 
periods. Dummy variables based on the quarter and the year control for the sale price 
variance over the study time period in cross-sectional data (Wooldridge, 2006). This 
study includes sale data from October 2012 to September 2014. The first quarter of the 
study year from October 2012 to December 2012 (3Q2012) is used as a reference.
3.6.3.9 Neighborhood Fixed Effect
Thirty-one indicator variables are created to control for the spatial fixed effect 
based on the neighborhood boundary of the 32 City of Cleveland neighborhoods with one 
omission. This variable controls the variation of the neighborhood in addition to the 
neighborhood attributes (Whitaker & Fitzpatrick IV, 2016; Galster, Santiago, Smith, & 
Tatian, 1999). For example, if the sale is located in the Broadway Slavic Village 
neighborhood, the value of “1” is assigned to the Broadway-Slavic Village variable. 
Appendix I presents the definition of all neighborhood fixed effect variables. The
variable of Bellaire-Puritas is omitted as a reference.
3.7 Analytical Model
This section explains the construction of the model which improves upon the 
Whitaker & Fitzpatrick IV (2016) by including spatial controls and a measurement of 
pre-land bank activities as a proxy for the resident’s perception of the land bank 
interventions’ ability to improve the physical neighborhood environment amenity.
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3.7.1 Basic Model
This study constructed the basic model by adopting the conceptual framework of
Whitaker & Fitzpatrick IV (2016). This study examines two basic models to measure the
all land bank acquisition before the sale date, and the effect of two-year land bank
acquisition before sale date over the pre-land bank properties will be acquired within one
year. The model specified as follows:
LnPrice = Land Bank Acquisition Count in buffer x
+ pre Land Bank Acquisition count in buffer x 
+ Distressed Propety Count in buffer x + Status of sale 
+ Structural Attributes + Neighborhood Attribute 
+ Locational Attribute + Land Use + Closeness 
+ Seasonality & Year control + fixed effect ofNeighborhoods 
+ ε
Where,
LnPrice denotes the log of home sales prices.
Land Bank Count” denotes a vector of the land bank acquisitions.
Pre Land Bank Acquisition count denotes a vector of the pre-land bank 
properties.
Distressed Property Count denotes the properties of vacant and 
abandoned homes, vacant lots, and foreclosed sales.
Status of Sale denotes two index variables to control for a possible 
discount by sale status: PreSheriff and TaxDelinquency.
Structural Characteristics of Home denotes a host of intrinsic attributes 
impacting housing values;
- Neighborhood attribute denotes a set of variables to represent 
socioeconomic status by Census tract.
Locational variables are based on distance to the CBD, nearest 
highway exit, and neighborhood urban center such as a large-scale 
neighborhood mall.
ZoneCode denotes if the property is zoned residential (IF, 2F, & 
other).
Sale Quarter & Year dummy variables denote a control for seasonality 
and factors that are related to year on a pooled cross-section data.
Fixed Effect of SPA denotes invariant neighborhood characteristics by 
neighborhood boundary in a Cleveland Statistical Planning Area 
(SPA).
ε: erτor term
Buffer x if x=5 then within 500 feet, if x=lk then within 1-1,000 feet
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There are two land bank acquisition count variables: LBACQx and LBACQxtl2. 
The former variable includes all counts of land bank acquisition before sale data and
within ‘x’ feet buffer from sale location. The latter variable (LBACQxtl2) includes two
years of land bank acquisitions before sale data and within distance buffer ‘x’ from the 
sale location. It is a necessary condition that both estimates for the land bank acquisition 
and the pre-land bank should be statistically significant to evaluate the difference 
between the two variables in the following alternative model.
3.7.2 Alternative model
This study specified the alternative model to evaluate the two years of land bank 
acquisitions over pre-land bank properties to avoid multicollinearity in the model. Per the 
Whitaker & Fitzpatrick IV (2016) study, the null hypothesis is that the negative effect of 
one land bank intervention is equal to the negative effect of one abandoned property that 
land bank will acquire in the future. The alternative hypothesis is that the effect of the 
land bank acquisition is greater than the effect of the pre-land bank. The individual 
estimate may still be negative but may result in a smaller negative externality than pre-
land bank properties. The alternative model is specified as follows:
LnPrice = Land Bank Acquisition within 2 years in buffer x 
+ Total LB Targeted Property in buffer x 
+ Distressed Propety Count in buffer x + Status of sale 
+ Structural Attributes + Neighborhood Attribute 
+ Locational Attribute + Land Use + Closeness 
+ Seasonality & Year control
+ fixed effect of Neighborhoods(SPA) + ε
Where,
Short-term land bank acquisition: a vector of land bank acquisitions 
within buffer x.
Total Land Bank Targeted Property: the sum of land bank acquisition 
and Pre-land Bank.
Buffer x if x=5 then within 500-feet, if x=lk then within 1-1000 feet
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This study adopted the semi-log specification to allow for the variation in the 
dollar value of each characteristic. The coefficients are interpreted as the percent change 
in the price per unit for each characteristic. This semi-log specification also minimizes 
the problem of heteroscedasticity (Aroul & Hansz, 2014).
3.8 Hedonic Model
The hedonic model has been developed over a thirty-year period. The classic 
hedonic model was built on Lancaster’s new consumer behavior approach. Lancaster 
(1966) stated that the utility of a good possesses the properties or characteristics of the 
goods from which it was derived, and consumers select the good based on the collection 
of characteristics. Rosen (1974) presented a general theoretical framework for using 
hedonic prices to analyze the demand for and supply of attributes. The hedonic price is 
the implicit value of these attributes which are estimated by the first step regression 
analysis (product price regressed on characteristics) in the construction of hedonic price
indexes.
3.8.1 Hedonic Model for Amenity
The hedonic theory has been used in the fields of real estate research and urban 
housing market analysis. Rosen (1974) developed a vector of objectively measured 
characteristics to explain a class of differentiated products. He defined the hedonic price 
as “the implicit prices of attributes.” Hedonic prices are exposed to two factors: 
“observed prices of differentiated products and the specific amounts of characteristics 
associated with them.” Economically, the implicit prices are estimated by the regression 
of implicit prices to characteristics in the construction of hedonic price indexes. The 
method provides the basic mechanisms for evaluation of neighborhood environmental
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amenities as an attribute of characteristics impacting housing price change. Examples of 
characteristics measured in the literature are park (Espey & Owusu-Edusei, 2001), green 
space (Wu & Dong, 2014), community gardens (Voicu & Been, 2008), neighborhood 
development (Ding, Simons, & Baku, 2000; Simons, Quercia, & Maric, 1998), and
public safety (Immergluck & Smith, 2006). For this study, the land bank program and 
activities are considered as a type of measurable neighborhood environmental amenity 
that has the potential to improve housing prices.
The hedonic model is the most common method to measure the effect of the
amenity (Palmquist, 1992; Freeman III, 1978). The hedonic model assumes that an
individual resident derives utility directly from housing characteristics and chooses the 
location of the house based on utility maximization. Each house is defined by a vector of 
characteristics, which include structural, location, and neighborhood characteristics 
(Diamond & Tolley, 1982). If the intensity of land bank intervention is important to
residents, and the level of the intervention varies across available housing stock on the 
market, then the condition of housing supply and the composition of individual 
preference will influence the pattern of housing price. An individual utility is defined by
as follow:
Ui = Ui (xi,zi,Ni) (1)
xi, zi denotes a vector of housing attributes 
Ni denotes the neighborhood quality for the “i” neighborhood
Homebuyers look for the homogenous socio-economic neighborhoods. if the 
housing consumption is purely based on real income, higher income homebuyers will 
gain a higher level of neighborhood amenities. Without moving cost, it can be expected 
that the homebuyer will move to a location that will maximize their utilities based on
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their income limit. A neighborhood will tend to remain stable regarding both physical 
quality and household composition if homeowners maintain their home consistent with 
the neighborhood and if they choose to remain in the home for an extended period.
The price of another unit of an amenity may be a function of the quantity and 
number of different amenities in the bundle. The marginal price of an amenity at any 
point in amenity space must be inferred from an estimate of the land price or the housing 
sale price function driven from all resident sites in the city. The components of such 
estimated price functions on each amenity contain the information needed by the 
household to choose its consumption of amenities.
The choice of residential location is the outcome of the pursuit of urban amenities 
by individual households. Households do not evaluate the level change of an individual 
amenity. They simultaneously evaluate their consumption of a bundle of amenities. The 
hedonic model can decompose the price information from the bundle of amenities at the 
location. Usually, neighborhood amenities consist of the composition of the area 
population, socioeconomic factors, access to the central business district or work 
opportunities, air quality, school quality, access to the park, and others. The amount of 
money is called the marginal willingness-to-pay for an increment of an amenity.
Diamond & Tolley (1982) stated that the household demand for amenities is 
similar to those for any conventional market good. It associated with the bid process due 
to the level of amenities based on location. Therefore, the housing sale price is tied with 
amenity. The environmental improvement is also reflected in the sale price. The hedonic 
model has been used to study the price impact of housing characteristics including 
environmental characteristics (Segerson, 2001).
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This study hypothesizes that the outcome of land bank policy will affect the total
sum of amenities in the neighborhood, a direct impact. Homeowners can produce a 
variety of externalities in the physical environment. Households also create a social 
environment collectively, an indirect spillover or externality economy. Both factors 
determine the amenities available to the homeowners at any given location.
Freeman III (1978) applied the hedonic model to evaluate environmental benefit. 
Housing price is a function of housing characteristics in a vector of ‘h.’
Equation 4 presents the conceptualized the model by (Bowen, Mikelbank, & 
Prestegaard, 2001).
P = f(S,E,L) + ε (4)
P: a vector of observed market expenditures of housing (market rent or housing 
values)
S: a vector of structural characteristics
E: a vector of social and environmental neighborhood attributes 
L: locational factor for example accessibility to CBD Mill et al. 
ε: the vector of random error terms
Per Can (1992)'s specification, hedonic price function is associated with two main
classes of factors: the residential structural variables and the locational effects. Locational
effects are externalities that are associated with the geographic location of dwelling both 
its absolute location and the neighborhood. Can’s perspective is that the neighborhood 
effect is the impact of shared neighborhood characteristics on housing prices. Galster
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Equation 3 demonstrates the equilibrium marginal, also referred to as implicit 
price of that attributes.
(1987) stated that the neighborhood characteristics could be more sensitive to the housing 
price change. He presented how locational effects, positive or negative externalities, are 
capitalized into the housing price. Can (1992) presented that the marginal attributes will 
vary across the space based on the neighborhood differentials.
The hedonic model is a useful tool to disaggregate the sales price of a home into 
the price paid for various components of the housing price including amenities. This 
study utilizes an improved hedonic model to analyze the impact of land banks on the 
neighborhood housing market and is the most suitable method for constructing cross- 
sectional qualified house price indices (Can & Megbolugbe, 1997).
In performing any housing value analysis, it is important to control for the 
possible factors that affect housing sale prices to detect the pure impact of land banks. 
This research incorporates a rich set of structural and neighborhood variables supported 
by the previous literature.
3.8.1.1 Housing Price as the Dependent Variable and the Price Determinant
The hedonic model utilizes a housing price to estimate the explicit price effects of 
amenity on the nearby property prices. Previous land bank studies also used housing sale 
price to measure the impact of land bank properties (Heckert and Mennis, 2012; Whitaker 
and Fitzpatrick IV, 2016). The hedonic model can demonstrate the value of amenities for 
residents, including the land bank intervention, via house sale prices. Equilibrium will be 
reached when differences in housing price reflect differences in housing characteristics.
A common method of variable operationalization is the use of a land use code; Single-
family house, two family houses, or three family houses. The Case-Shiller housing index 
uses the single-family home sales to represent the entire housing market and excludes the
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following transactions: Non-arms-length transactions (property transfers between family 
members), property type designation changes (properties originally recorded as single-
family homes are subsequently recorded as condominiums), and suspected data errors 
where the order of magnitude in values appears unrealistic.
The hedonic model usually consists of four groups of key factors as follows: 1) 
property characteristics, 2) neighborhood characteristics, 3) accessibility, and 4) 
locational variables. Positive property characteristics include property size, building 
square footage, the existence of fireplace, the number of bedrooms and bathrooms, the 
existence of an attached garage, and the garage capacity. Housing condition is also 
associated positively with a home price while an older age of structure is typically 
negative. Social and environmental neighborhood attributes are as follows: racial 
composition, education levels, the percentage of owner-occupied homes, the median age 
of the residents, and the median income of the household. The hedonic model ideally 
contains all possible housing determinants.
3.8.2 OLS Limitation with Spatial Effect of the Data
Spatial economic methods have become increasingly common in the empirical 
studies of housing and real estate to manage violations of the OLS assumption, the spatial 
dependence of the data, and spatial heterogeneity (Can, 1990; Bowen et al., 2001; 
Theriault, Rosiers, Villeneuve, and Kestens, 2003). The spatial hedonic specification and 
estimation can be found in discussion or application in over three decades of studies
(Anselin, 1988; Basu and Thibodeau, 1998; Pace et al., 1998; Dunin et al., 1999); Gillen
et al., 2001; Pace and LaSage, 2004). This includes literature that uses the spatial hedonic 
model to estimate amenity impact (Kim et al., 2003; Baron et al., 2004; Brasington and
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Hite, 2005; Anselin and LeGallo, 2006). Can (1990) found that the variability of
regression estimators on the spatial dependence of the location. The author considered 
spatial spillover effects in the form of a spatial autoregressive model both spatial hetero 
and spatial dependence are superior to the traditional spatial specifications. The author 
stated, “If neighborhood differentials lead to varying attribute prices, this will indicate the 
presence of independent price schedules, thus the existence of a segmented market.”
The spatial hedonic model has two benefits: it identifies more precise and 
accurate estimates than the conventional hedonic model and it constructs reliable housing 
price indices (Can and Megbolugbe, 1997). Can (1990) pointed out methodological 
issues that might result from the spatial nature of data sets and functional
interdependence in spatial hedonic models: “Methodological developments in spatial 
statistics and econometrics have shown that the straightforward use of traditional 
methods may not be adequate for the analysis and modeling of geographically referenced 
data use to spatial effects, namely spatial dependence, and spatial heterogeneity.”
Small and Steimetz (2012) present a theoretical perspective that environmental 
characteristics also fit in the spillover context. This type of model forms the basis for the 
empirical studies of Murdoch, Sandler, and Sargent (1997) and Fredriksson and Millimet 
(2002), which estimate pollution-abatement reaction functions for European countries 
and U.S. states, respectively. Freeman III (1978) and Small (1975) performed hedonic 
models of welfare analysis based implicitly or explicitly on an assumed long-run 
equilibrium in which potential occupants of properties trade off amenities against rents.
This study utilizes an improved hedonic model, with the spatial method, to 
analyze the impact of land banks on the neighborhood housing market building on the
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classic model and serving as a contribution to the growing use of spatial examination in
the literature.
3.9 Spatial Analysis for the Externality of Amenity
The outcomes or incentive of individual actors are dependent not only on the 
attributes of individuals but also on the structure of their positions within the system, and 
their interactions with other individuals which imply a spatial effect on data (Anselin, 
1988). Spatial analysis manages the dependence between observations with spatially 
clustered phenomena. When spatial dependence or autocorrelation exists, the OLS 
assumption that each observation is independent of other observations is violated leading 
to inefficient and biased estimators (Anselin, 1988; Kelejian and Robinson, 1992).
3.9.1 Spatial Dependence and Spatial Log Model
3.9.1.1 Spatial Weight Matrix
The spatial weight matrix represents the spatial arrangement or the spatial 
interaction structure in the data. The weight matrix is a conceptualization of the 
mathematical expression for a network of neighborhoods. The weight matrix is ‘n’ by ‘n’ 
when the data size is ‘n.’ There are three types of spatial data: point, polygon, and raster. 
Polygon type data derives a contiguity based spatial weight matrix. The continuity can be 
defined as queen, rook, and bishop. Point data takes the distance based spatial weight. 
Point data could take contiguity based spatial weighting by the construction of Thiessen 
polygons. In general, there are two basic methods to construct a spatial weights matrix, 
one based on the notion of continuity and the other based on the distance measures.
In a contiguity matrix, the entry wij is ‘1’ when the observations ‘i ‘and ‘j’ are 
contiguous and ‘0’ otherwise. For the distance-based criteria, wij represents the strength
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of the interaction between two locations ‘i’ and ‘j.’ The most straightforward spatial 
weights matrix constructed from a distance measure is obtained when ‘i’ and ‘j’ are 
considered neighbors whenever observation at the location of ‘j’ falls within a critical 
distance band from the observation at the location of 'i'. The wij is equal to 1 if the 
distij is less than or equal to δ, and wijis equal to 0 otherwise, where δ is a preset
critical distance cutoff
In practice, the max-min criterion for the distance-based weight matrix often leads 
to too many neighbors for locations that are somewhat clustered, since the critical 
distance is determined by the points that are furthest apart. This problem frequently 
occurs when the density of the points is uneven across the data set, such as when some of 
the points are clustered and others more spread out. A potential solution is to use the k- 
nearest neighbors, where there are always ‘k’ neighbors for each location (Anselin and
Rey, 2014).
The inverse distance function is an extension of considering a continuous 
parameterized function of distance itself:
Wij = f( dij, θ), with ∂ Wij I ∂ dij < 0
This inverse distance function confirms to Tobler’s first law, a distance decay 
effect. Commonly used distance functions are the inverse, with wij = 1 ∕ da (α as a
parameter), ij and the negative exponential, with wij = eβdιstij (β as a parameter). The 
functions are often combined with a distance cut-off criterion, such that wij = 0 for dij > δ 
(Anselin and Rey, 2014). Anselin (1988) commonly used for a = -1 for inverse, a = -2 for
gravity weight. It is close to zero for the long distance.
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The spatial weight matrix is transformed to a row standardized weight matrix. The 
sum of each row of the standard spatial weight matrix equals ‘1.’ The total sum of weight 
is ‘n.’ Ward and Gleditsch (2006) assumed that all neighbors carry equal weight and that 
the weight of each is proportional to ‘ 1 ’ over the total number of neighbors to make the 
spatial lag an average value that exists in the neighboring properties. Spatial lag variables 
represent a weighted average of the values at neighboring observations.
An island is a location of observations that do not have neighbors. In the spatial 
lag analysis, a ‘0’ value for an island could cause biased estimations for the 
autoregressive parameter unless it is perfectly accounted for in the estimates in the 
algorithm. A natural boundary such as river or mountain could explain the existence of 
the island. If the island is not explained, it is recommended that the island is eliminated 
from the dataset. It will result in the loss of a degree of freedom from dropping 
observations (Anselin and Rey, 2014).
3.9.1.2 Model Specification Test
This study utilizes two common misspecification tests for the spatial dependence: 
Moran’s I test and Lagrange Multiplier Test (LMERR and LMLAG). The Moran’s I is a
misspecification test that includes spatial error and residual correlation caused by a 
spatial lag alternative and heteroscedasticity. A null hypothesis signifies that there is no 
spatial autocorrelation. Anselin and Rey (2014) stated that the Moran’s I has more power 
against both the LMERR and LMLAG but the Moran’s I does not provide information on 
the form of spatial dependence. The LM test guides the preferred spatial model. Anselin 
(1998) specified the spatial lag and spatial error model while the LM test guides the
alternative model. However, Anselin (2003) also mentioned that the model selection
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following the LM test would be too simplistic or could ignore the existence of spatial 
interaction or dependence.
3.9.1.3 Spatial Spillover Effect and Spatial Log Model
This study reviewed the literature to answer if the spatial interaction of land bank 
program exists. If land bank properties contribute to the improvement of the 
neighborhood quality, the improved neighborhood quality may change the behavior of the 
resident by changing their perception of the current and future state of the neighborhood. 
This improvement by the land bank program may send a signal to residents that spread 
from neighbor to neighbor. For example, a yard expansion program could make a 
spillover effect between neighbors. If one resident purchased a land bank lot to expand 
their yard, it could affect the other neighbors’ decisions to purchase land bank lots to 
expand their yards. Therefore, this study corrects the OLS regression model by adding the 
spatial lag model to incorporate the spatial spillover effect of land bank programs.
Rho (p) is a spatial autoregressive coefficient that measures the extent of spatial 
spillover such as copy-catting, diffusion, and feedback. The interpretation of Rho is valid 
when the spatial spillover is the result of a theoretical model (Anselin and Bera 2009).
77
The inverse matrix (I — ρW)~1 in equation 6 is related to the error term at the 
given location of ‘i’ and the erτor term at all other locations. The inverse matrix is known 
as the “Leontief inverse” or spatial multiplier (Anselin, 2003). The spatial lag model
estimates amenity improvement at a given property, which affects the values of 
neighboring properties, which in turn exerts an additional effect on the first property. The 
spatial multiplier measures these benefits with distance decay, where the direct effect of 
an improvement in magnified by the spillover effects among neighboring properties
(Small and Steimetz, 2012).
Equation 7 can be simplified since the infinite series of lnβ + pWInβ +
p2W2Inβ + "-converges to Inβ following the equation from (8) to (10) since β is a
scalar and the parameter ∣ρ∣ < 1 and the W, weight matrix is row standardized.
78
Equation 8 shows the Leontief expansion of the Leontief inverse. This 
simultaneity makes the spatially lagged ‘wy’ variable endogenous. The estimating 
method is ML or the instrumental variable approaches (2SLS or 2SLS-robust).
There are two estimators for spatial lag model: Maximum Likelihood and Two- 
Stage Least Squares (2SLS). This study constructs the row standardized spatial weight 
matrix with inverse distance based on ‘knn’ neighborhood. This study tested the 
sensitivity of the model performance by a number of ‘knn’ from 10 to 40. This study 
compared the Akaike Info Criterion (AIC) and the Bayesian Schwarz Criterion (BIC) to 
evaluate spatial model’s performance2. This study also runs the Geographically Weighted 
Regression to handle the heteroskedasticity or the non-stationary issue.
3.9.2 Spatial Analysis by Focusing on the Heterogeneity of Data
Geographically Weighted Regression (GWR) is a powerful tool for exploring 
spatial heterogeneity. Heteroscedasticity problems occur when there is a spatial variation 
of independent variables. Spatial data tends to have heteroscedasticity since there is a 
spatial variation in people’s attitude and preference (Arbia, 2014). Spatially dependent 
residuals violate the OLS assumption, which leads to invalid inference from the model. 
Also, summarizing the relationship between variables over the whole geographical area is 
an oversimplification of the potential interactions (Fotheringham, Brunsdon, & Charlton,
2002).
The relationship between the two variables in the classical regression model is 
assumed to be constant across the study area. However, the GWR estimates the 
coefficients to vary from location to location. Fotheringham et al. (2002) popularized 
GWR modeling by applying local regression to the spatial domain. GWR considers a
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subset of the data and estimates a series of weighted least squares regressions and 
facilitates continuously changing price functions. Fotheringham et al., (2002) specifies 
the Global and GWR specification. Equation 1 represents the global model as a spatial 
case of the GWR equation in which parameters are assumed to be spatially consistent 
locally. Equation 2 shows the GWR.
The GWR measures the spatial variations within the relationships generating a 
consistent local estimate within the sample. GWR defines the local sample based on the 
kernel function and bandwidth using observations nearer to the location ‘i’ that have
more of an influence in the estimation of βk(Ui, vi)s than data located farther from the
location ‘i’ (Fotheringham et al., 2002). An observation in GWR is weighted based on its 
proximity to the location ‘i.’ The closer observation has more weight than observations 
farther away. Equation 3 presents the parameter estimate.
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The geographical weight structure is based on a kernel function and bandwidth 
that influences data points in proximity to location ‘i.’ The GWR estimation is not
sensitive to the kernel function, but it is sensitive to bandwidth.
3.9.2.1 Kernel Function and Bandwidth for Weight Matrix
The weight for the GWR consists of a kernel function and bandwidth. The
geographical weight W(ιιi, vi) is an ‘n’ by ‘n’ diagonal matrix denoting the geographical
weighting of each observation. There are three key elements to build this weight matrix: 
type of distance, the kernel function, and bandwidth. The kernel function is not sensitive 
the model to performance, but the bandwidth is sensitive. There are six types of kernel 
functions: 1) Global Model, 2) Gaussian, 3) Exponential, 4) Box-car, 5) Bi-square, and 6) 
Tri-cube. This study used R software to run the GWR model which uses the Gaussian and 
bi square function for the GWR.
The bandwidth is the key control parameter in all kernel functions. There are two 
types of bandwidths: 1) fixed bandwidth and 2) adaptive bandwidth. Fixed bandwidth is 
suitable for a highly regular sample configuration. Adaptive-type bandwidth fits with 
housing transaction data that are highly clustered within the market area. This approach
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allows the bandwidth adjustment based on the density of the market area. The home sales 
are hypothesized to influence each other within a certain range (based on a continuous 
decay function), but beyond this range, they are assumed not to influence each other.
The bandwidth method can be selected by the Akaike Information Criteria (AIC), 
a cross-validation (CV), and bandwidth parameter. AICs and CV are used to find the 
bandwidth that produces the best predictions. AIC finds the bandwidth that minimizes the
AIC’s value. The CV method finds the bandwidth that minimizes a cross-validation
score.
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This study used the CV method to select the optimum bandwidth. Plotting the CV 
score against the required parameter provides the guidance of the selecting a parameter 
value. The Gaussian and the bi-square kernel is the function type that mostly has been 
applied in the study. Nilsson (2013) selected an adaptive bi-square kernel whose 
bandwidth was identified by minimizing the AIC value. McMillen and Redfeam (2010)
showed that an adaptive bandwidth is appropriate for housing studies, particularly when 
dwellings have a non-uniform spatial distribution. To determine an ideal number of 
nearest-neighbor points for each local regression the data is optimized with a cross-
validated prediction error that yields robust results (Fotheringham, Brunsdon, and
Charlton, 2002).
3.9.2.2 Measure of Model Fit
A measure of goodness-of-fit is provided by the Akaike Information Criterion
(AIC) score. The AIC measures closeness to the true model. It is a relative measure and
can be used to compare different models which have the same independent variable. 
Models with smaller values of the AIC are preferable to models with higher values. If the 
difference is more than 3 points, it is significant (Fotheringham et al., 2002).
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CHAPTER IV.
RESEARCH RESULTS
4.1 Overview
The analysis for this research has three stages; 1) the Ordinary Least Squares 
(OLS) method to develop estimates of the coefficients, 2) the selection of a ‘best fit’ OLS 
model following regression diagnostics, 3) and the application of the spatial econometric 
model. The following sections discuss the preliminary descriptive statistics, data issues, 
diagnostic tests administered to detect them, and the methods used for data adjustments. 
The results of hypothesis testing will follow. This study detects the spatial autocorrelation 
but the spatial correction does not remove the existing heteroscedasticity requiring the 
use of the Geographically Weighted Regression (GWR).
4.2 Summary Statistics
The following section presents descriptive statistics for independent home sales 
values, land bank, and distressed property dependent variables.
4.2.1 Home Sale
This study includes home sales where the price was greater than $1,000. Table 10 
presents a summary of the sale from September 2012 to August 2014
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Table 10. Sale Summary from Sep 2012 to Oct 2014
Variable Count Mean SD Median Min Max Range
Sale Price 6,228 45,883.23 55,608.05 25,975 1,676 549,000 547,324
Log(Sale Price) 6,228 10.22 1.02 10.16 7.42 13.22 5.79
The average sale price during the study period is $45,883. The mean value is
$25,975. The maximum value of the sale price is $549,000. The range of sale price is
$547,324. Figure 10 shows the location of sales from September 2012 to August 2014 in
the City of Cleveland. The map presents the sales price using six quantiles.
Sale Location and Price in the City of Cleveland
from September 2012 to August 2014
Source: Cuyahoga County Property Information
Sale Price
78000-549000
• 42000-78000
• 25975-42000
• 17880.67-25975
• 10000-17880.67
• 1676-10000
Figure 10. Analysis of Sale Location from Sep 2012 to Aug 2014
Sales in the top quantile ($78,000 to $549,000) among six quantiles are concentrated on 
the west side of Cleveland. Most sales in the lower three quantiles ($1,676 to $25,975)
are concentrated on the east side of Cleveland. There were no sales in the center of
Cleveland due to natural boundaries including the Cuyahoga River and Cuyahoga Valley.
Cleveland has two separate housing market based on Cuyahoga River. There are higher
values of the housing sales in the west side of Cleveland than that of the homes on the
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east side of the Cleveland (Ding, Simons, & Baku, 2000; Simons, Quercia, & Maric,
1998).
4.2.2 Land Bank Acquisition
Figure 11 depicts the location of land bank acquisitions by CCLRC as of
November 2016.
Figure 11. CCLRC Acquisition as of Nov 2016
As of this date, CCLRC had acquired a total of 1,800 properties. This number excludes 
properties that were transferred to the CLB.
Figure 12 depicts the location of land bank acquisitions by the CLB as of
November 2016.
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Figure 12. Cleveland Land Bank Acquisition as of Nov 2016
As of November 2016, the CLB had acquired a total of 13,862 properties.
Table 11 presents the descriptive statistics of the land bank acquisition variables.
Table 11. Descriptive Statistics of Land Bank Acquisition
Variable N Mean SD Median Min Max Range
LBACQ5 6,228 4.17 5.16 2 0 41 41
LBACQ5tl2 6,228 2.16 2.75 1 0 32 32
LBACQlk 6,228 14.87 16.22 8 0 102 102
LBACQlktl2 6,228 7.66 8.15 4 0 66 66
PLB5 6,228 2.58 3.38 1 0 31 31
PLB5tl 6,228 0.81 1.26 0 0 11 11
PLBlk 6,228 9.05 10.21 5 0 69 69
PLBlktl 6,228 2.89 3.51 2 0 26 26
LBTarProp5tl2 6,228 2.97 3.5 2 0 36 36
LBTarProplktl2 6,228 10.55 10.85 6 0 75 75
The average count of land bank acquisitions within a 500-feet buffer from the sale 
location is 4.17. The average count of two years of land bank acquisitions within a 500- 
feet buffer is 2.16. The average count of land bank acquisitions within a 1,000-feet buffer
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is 14.87. The average count of two years of land bank acquisitions within a 1,000-feet 
buffer is 7.66. The average count of pre-land bank property under acquisition process by 
a land bank within a 500-feet buffer is 2.58. The average count of one year of pre-land 
bank properties within a 500-feet buffer is 0.81. The average count of pre-land bank 
properties within a 1,000-feet is 9.05. The average count of one year of pre-land bank 
properties within a 1,000-feet buffer is 2.89. The average count of total land bank 
targeted properties within a 500-feet buffer is 2.97 and within a 1,000-feet buffer is
10.55.
4.2.3 Distressed Property
There are three distressed property categories in this study: vacant and abandoned, 
vacant lot, and foreclosed sales. Table 12 presents the descriptive statistics of distressed 
properties and sale condition.
Table 12. Descriptive Statistics of Distressed Property and Sale Condition
Variable N Mean SD Median Min Max Range
FSale5 6,228 1.18 1.22 1 0 9 9
VLOT5 6,228 4.88 5.75 3 0 52 52
VAH5 6,228 4.58 5.75 2 0 48 48
FSalelk 6,228 4.09 2.81 4 0 20 20
VLOTlk 6,228 17.44 16.56 12 0 110 110
VAHlk 6,228 16.04 18.38 9 0 119 119
The average number of foreclosed sale properties within a 500-foot buffer of the 
sale location is 1.18 and within a 1,000-feet buffer, it is 4.09. The average count of vacant 
lot properties within a 500-feet buffer of the sale location is 4.88 and within a 1,000-feet 
buffer is 17.44. The median number is 3 and 12 respectively. The average count of the
vacant and abandoned homes within a 500-feet buffer of the sale location is 4.58 and
within a 1,000-feet buffer is 16.04. The median number is 2.0 and 9.0 respectively.
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Figure 13 is a visual snapshot of the distribution of vacant and abandoned
properties in one year, 2012.
Figure 13. Vacant and Abandoned Home Location in 2012, the City of Cleveland
There is a total of 7,652 vacant and abandoned properties in the City of Cleveland as of 
December 2012. The map depicts that vacant and abandoned properties are spread across 
neighborhoods on the east side of the City of Cleveland except for the Central and 
University Circle neighborhoods. The distribution on the west side of Cleveland is 
concentrated in Cudell, West Blvd, north and west of Puritas-Longmead, east of 
Jefferson, Old Brooklyn, Brooklyn Center, Clark-Fulton, and south of Ohio City.
Table 13 presents for vacant and abandoned property summary data.
Table 13. Vacant and A Abandoned Property in the City of Cleveland
Year 12/2010 12/2011 12/2012 12/2013 12/2014
Vacant and Abandoned Property 6,884 4,070 7,652 7,570 8,487
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This study identifies a total of 6,884 in 2010, 4,070 in 2011, 7,652 in 2012, 7,570
in 2013 and 8,487 in 2014. The number of vacant and abandoned properties has increased
from December 2010 to December 2014.
Table 14 presents summary data for vacant lot properties.
Table 14. Vacant Lot Count from 2010 to 2014 in Cleveland
Year 2010 2011 2012 2013 2014
Vacant Lot 24,125 24,640 28,155 27,190 23,402
This study identifies 23,402 vacant lots in 2010, 24,640 in 2011, 28,155 in 2012, 
27,190 in 2013, and 23,402 in 2014. Data is based on county property information. The
number of vacant lots has reached a peak in 2012 and then started decreasing.
Figure 14 visually presents a distribution of foreclosed sales from 2007 to 2014 in
the City of Cleveland.
Figure 14. Foreclosed Sale Location from 2007 to 2014, City of Cleveland
There is a total of 17,978 foreclosure sales during the time span. The map depicts that 
foreclosed sales exist across all neighborhoods in the City of Cleveland.
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4.2.4 Housing Structure Characteristics
Table 15 presents a summary of the housing structure variables.
Table 15. Description of Housing Structure Characteristics
Variable N Mean Sd Median Min Max
AGE 6,228 83.84 28.04 90 0 214
LOTSQFT 6,228 5155 2027.6 4,830 653 35,190
LAREASQFT 6,228 1473.65 500.83 1,360 231 5,030
BED 6,228 3.29 0.99 3 1 12
DBATH1 6,228 0.69 0.46 1 0 1
DBATH2 6,228 0.29 0.45 0 0 1
DBATH3m 6,228 0.02 0.15 0 0 1
Halfbath 6,228 0.16 0.38 0 0 2
FirePlace 6,228 0.17 0.41 0 0 2
CENTRALAIR 6,228 0.16 0.36 0 0 1
FORCEDAIR 6,228 0.98 0.15 1 0 1
ATTACHGARAGE 6,228 0.06 0.24 0 0 1
RAN 6,228 0.09 0.29 0 0 1
COL 6,228 0.58 0.49 1 0 1
BUN 6,228 0.04 0.2 0 0 1
TOWNH 6,228 0.02 0.14 0 0 1
OtehrStyle 6,228 0.01 0.09 0 0 1
DCQAAVG 6,228 0.51 0.5 1 0 1
DCQAVG 6,228 0.47 0.5 0 0 1
DCQBAVG 6,228 0.02 0.14 0 0 1
DCONDAAVG 6,228 0.11 0.31 0 0 1
DCONDAVG 6,228 0.62 0.49 1 0 1
DCONDBAVG 6,228 0.28 0.45 0 0 1
Some variables of interest are the median age of the house as 90 years old. The 
average lot size is 5,155 square feet and the median number of bedrooms is three.
4.2.5 Neighborhood and Location Attributes
Table 16 demonstrates a summary of neighborhood land location attributes. The 
median household income is $28,245. The average vacancy rate is 19.7 percent. The 
average owner-occupied rate is 50.39 percent.
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Table 16. Description of  Neighborhood and Location Attributes
Variable N mean SD median min max range
MHH Inc 6,228 31,699.09 12,217.89 28245 6618 64,357 57,739
PctHVacant 6,228 19.7 9.89 19.99 3.6 52.87 49.27
PctOwnOcc 6,228 51.11 16.47 50.39 0.38 90.87 90.49
PctAA 6,228 44.55 35.92 30.19 1.05 99.83 98.78
PctPoverty 6,228 31.85 14.16 30.9 4.14 79.01 74.87
PctBAHigh 6,228 13.64 11.04 10.19 1.18 58.66 57.48
ZONE1F 6,228 0.37 0.48 0 0 1 1
ZONE2F 6,228 0.55 0.5 1 0 1 1
CBDml 6,228 5.13 1.93 5.03 0.59 9.94 9.36
NUCml 6,228 0.45 0.31 0.39 0 1.76 1.76
HEXITml 6,228 1.19 0.74 1.06 0.02 3.56 3.54
The average percentage of African American is 44.55 percent. The average 
poverty rate is 31.85 percent. The average attainment of higher education (beyond high 
school) is 13.64 percent. The average distance to the CBD is 5.13 miles. The average 
distance to the nearest high way exit is 1.19 miles. The average distance to the 
neighborhood center is 0.45 mile.
4.3 Regression Diagnostics and Model Adequacy Test
This study evaluated if the models follow the major regression assumptions for 
two groups: 1) model specification and error term; and 2) issues in the data. The key 
assumptions for the model specification and error term as follows:
1) A linear relation in the parameters in the population model
2) The value of the ‘x’ observations exist in repeated sampling
3) A zero conditional means of ui: E(εi │xi) = 0
4) The variance of εi is constant. Var[εi ∣X] = δ2, for all i = 1,..., n,
5) The covariance of ui is zero: Cov[εi, εj∣X] = δ2, for all i ≠j
6) The ui is normally and independently distributed, and that
7) The model specification is correct.
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No spatial autocorrelation means that the observations are not correlated across 
space. On average, the disturbance tends to have a similar value as they are located close 
together. Spatial autocorrelation in the residuals has been studied since Cliff Odd (1974). 
The consequence of these violations leads the OLS estimates to be biased (Anselin, 1988; 
Haining, 1990; Cressie, 1991). The normality of εi is an important addition which
includes assumption three, four, and five. With this normality assumption, the OLS 
estimates are the best unbiased estimators (BLUE) and follow the probability distribution 
(Gujarati, 2003). The major assumptions related to the data are as follows:
1) εi and the ‘x’ observations are independent and uncorrelated.
2) The number of observations needs to be greater than the total number of 'x'
observations.
3) There is enough variability in ‘x’ observations.
4) There is no exact linearity in ‘x’ observations.
The violation of these assumptions leads to biased estimates in OLS. Table 17 
presents the OLS diagnostics and test method.
Table 17. OLS Diagnostics and Test Method
OLS Diagnostics Test Method
Normality JB Test
Heteroscedasticity BP Test ∕ White test
Autocorrelation DW test/ Moran’s I for spatial dependence
Model specification F TEST/ Partial F test/ LM test
This study examined problems in the data such as outliers and multicollinearity. 
Even if the regression model holds its assumptions, there is an issue if the variables are 
highly but not perfectly correlated (Greene, 2003). Following Greene (2003), this study 
conducted this test to confirm the regression assumptions.
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4.3.1 Normality and Heteroscedasticity
This study conducts a visual inspection of the OLS residual histogram and plots. 
The visual inspection reveals three issues in the model: non-normality distribution, 
heteroscedasticity, and the existence of outliers. This study runs three tests: the JB test, 
the BP test, and white test to confirm the non-normality of residual distribution and 
heteroscedasticity.
4.3.1.1 Residual Analysis
This study primarily inspects the residual plot and the histogram of the residual to 
diagnose if the model meets the regression assumptions. Figure 15 depicts the residual 
plot for a model of a 500-foot buffer from home sale with the home sale price as the 
dependent variable.
Figure 15. Residual Plot with Sale Price (Dependence Variable)
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The first plot (residuals versus fitted value plot) indicates that the model suffers from 
heteroscedasticity. Non-normality of the residual distribution was observed from the 
second plot (the normal quantile-quantile map). The residual plot also displays the 
existence of outliers. The residual plot depicts that there are issues with heteroscedasticity 
and non-normality.
The assumption of normality is a key assumption of the OLS model (Wooldridge, 
2006; Greene, 2003). However, housing sale data may not always generate a normal 
distribution due to the nature of the data. First, housing sale price cannot have a normal 
distribution since they are never less than zero. Also, housing price data can have low and 
high outliers which violate the normal distribution. A transformation, such as taking the 
log of the variables, yield a distribution close to the normal distribution. The exact 
normality of the OLS estimators is based on the normality of the distribution of the error 
term ‘u’ in the data. It is concluded that the OLS estimators satisfy asymptotic normality 
if the sample size is large enough to satisfy the central limit theorem (Greene, 2003). This 
study transformed the sale price to the logarithm of the sale price.
Figure 16 demonstrates the improvement achieved by transforming sales price to 
the logarithm of the sale price.
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Figure 16. Residual Plot with a log of Sale Price (Dependence Variable)
The residual plot depicts that the normality of the data and heteroscedasticity has
improved, but the transformation did not eliminate the non-normality of residual
distribution on the normal Q-Q plot. The residual plot also implies that some extreme
outliers exist in the data.
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4.3.1.2 Outlier Control
This study controls the outliers and influential observation to improve the non- 
normality of residual distribution, the heteroscedasticity of data, and model fit.
Figure 17 demonstrates the residual histogram of the data.
Figure 17. Residual Histogram with a log of Sale Price (Dependent Variable)
The existence of an outlier is the most common reason for lack of model fit. To manage 
this issue, all data where the sale price is less than $ 1,000 are removed since this may not 
be the home transaction. Outliers are then excluded based on Turkey’s Method (Turkey,
19773).
Figure 18 depicts the histogram and box plot of the logarithm of the sale price 
with and without Turkey’s method.
3 Tukey J.W., Exploratory Data Analysis. Addison-Wesley, 1977. This study utilized a outlier control 
function follows Tukey’s method.
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Figure 18. Outlier Control by Turkey’s Method
This study adopted Turkey’s method using an interquartile (IRQ) range approach based 
on the distribution of data which ignores the mean and standard deviation that is 
influenced by extreme outlier values. Turkey’s method identifies the outlier ranged above
and below the 1.5*IQR.
Figure 19 demonstrates the residual histogram after removing outliers.
OLS Residuals with LnPrice
Figure 19. OLS Residual Histogram after removing outlier by Cooks’ Distance
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Influential observations from the data are also removed set based on Cooks’ distance4
which measures the influence expected by each data point on the predicted outcome.
Figure 20 demonstrates the residual plot after removing outliers. The final dataset
consists of 6,228 sales from September 2012 to August 2014.
Figure 20. OLS Residual Plot after removing outlier by Cooks’ Distance
According to the normal Q-Q plot in Figure 20, there is a significant improvement on the
normal distribution of the residual. The p-value for the JB test is also improved from
4 The cook’s distance for each observation i measures the change in fitted Y for all observations with and without the 
presence of observation i. The Cook’s distance Di for observation i is as follows:
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2.2e-16 to 0.00000508. The JB test still rejects the null hypothesis of normality of
residual distribution.
Table 18 depicts the summary of the sale amount from full data and adjusted data.
Table 18. Summary of Outlier Control
Data∖Summary Count Min. 1st Qu. Median Mean 3rd Qu. Max.
Sale-Full 7,354 1 10,900 25,000 43,659 55,000 765,000
Sale-Adjusted 6,228 1,676 14,000 25,975 45,883 58,025 549,0000
After controlling for outliers and influential observations, the total number of 
records used for final modeling is 6,228. The mean and median value are similar from 
two dataset ($43,659 vs $45,883 and $25,000 vs $25,975). The lower range and higher
range data are removed from the full data set.
This study evaluated the improvement of the model based on the adjusted R 
square, AIC, and BIC (Greene, 2003). The normality of the residual is a proxy to test the 
assumption of normality in the disturbance. Table 19 summarizes the model performance
before and after outlier control.
Table 19. OLS Improvement after Out ier Control
Data Count AIC BIC Adjusted R 
square
F-Statistics JB Test 
(P-value)
Full 7,354 19,851.11 20,424.06 50.22% 92.58
<2.2e-16
62,906
<2.2e-16
Adjusted 6,228
(-1,126)
10,050.38
(-9,800)
10,569.11
(-9,854)
72.04%
(+21.82%)
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<2.2e-16
24.381
0.00000508
The model performance has been significantly improved after removing outliers 
and influential observations based on Turkey’s method and Cooks’ distance. The adjusted 
R square was also improved from 50.22 percent to 72.04 percent. Both AIC and BIC
were decreased from 19,851.11 to 10,050.38 and from 20,424.06 to 10,569.11.
Figure 21 to Figure 24 present the partial residual plots. This study evaluated the 
partial residual plot for all variables to review if there is a non-linear relationship between
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a given independent variable and the response variable given that other variables that are
also in the model.
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Figure 24. Partial Residual Plot (d)
The residual plots do not show any non-linear relationship between each variable and the
dependent variable. Therefore, there is no transformation necessary for these variables.
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4.3.2 Multicollinearity
This study examines the degree and presence of multicollinearity by calculating 
the Variance Inflation Factor (VIF) value and adopting the generalized collinearity 
diagnostics by Fox and Monette (1992). The value of the generalized variance inflation 
factors (GVIF) is ‘ 1 ’ if the row and column of the data are independent. Fox and Monette
(1992) state that when a weak association between row and column exists, the value is
1.44. If a strong association exists, the value is 122. The R software package (car
package)5 presents GVIF, DF, and GVIF(1/ 2*df) The threshold of generalized variance
inflation factors is two based on GVIF(1/2*df). High VIF values were removed based on the
correction analysis.
Table 20 presents the correlation among neighborhood attributes.
Table 20. Correlation among Neighborhood Attributes
PctAA MHHInc PctHVacant PctOwnOcc PctPoverty PctBAHigh
PctAA 1 -0.551 0.624 -0.241 0.405 -0.428
MHHInc -0.551 1 -0.626 0.695 -0.843 0.7
PctHVacant 0.624 -0.626 1 -0.473 0.594 -0.447
Pctθwnθcc -0.241 0.695 -0.473 1 -0.671 0.202
PctPoverty 0.405 -0.843 0.594 -0.671 1 -0.553
PctBAHigh -0.428 0.7 -0.447 0.202 -0.553 1
This study only keeps the percentage of BH higher (PctBAHigh) among
Neighborhood attributes after removing high correlated variables. This study also drops 
the distance to CBD since it was highly correlated with the distance to the neighborhood 
urban center and the estimate was not significant. All variables in Model 1 except 
ZONE1F, ZONE2, pctBAHigh, and HEXITml, were less than the threshold. In Model 2,
5 Car package based on the Fox and Monette (1992), Generalized Collinearity Diagnostics, Journal of the 
American Statistical Association, 87(417), ppl78-183
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LBACTlktl2 variable has an estimator of 2.1557. Also, four variables were detected in
model one. A full list of the GVIF test results is presented in Appendix II.
4.3.3 Homoscedasticity
One of the key assumptions in the ordinary least squares (OLS) regression is 
homoscedasticity (Greene, 2003; Wooldridge, 2006). Heteroscedasticity occurs when the 
error terms in the regression model do not show constant variance. Heteroscedasticity can 
cause inefficiency in the parameter of the OLS estimates. The Breusch-Pagan test (BP
test) and White test are used to ensure that the coefficients are efficient estimators. The
BP test is more sensitive compared to the White test that does not rely on the normality 
assumption. Table 21 demonstrates the results of the BP and White tests.
Table 21. Heteroscedasticity by Breusch-Pagan (BP) Test and White Test
Model Breusch-Pagan Test White Test
df Value P-value df Value P-value
1 75 788.72 <2.2e-16 6225 153.6 <2.2e-16
2 75 766.08 <2.2e-16 6225 145.9 <2.2e-16
Note: Significant Code *** 0.001, ** 0.01, * 0.5, 0.1
The results indicate that both models suffer from heteroscedasticity according to 
the residual plot, the BP test, and the White test. Both tests demonstrate the presence of 
heteroscedasticity in the models suggesting the need for the spatial controls and analysis
discussed in the next section.
4.3.4 Partial F-Test for Model Specification
A Partial F-test is used to examine that inclusion of additional variables of interest
in each model to test a partial effect on the dependent variables. The null hypothesis is 
that a set of variables of interest in each model does not affect the dependent variable 
once controlling for another set of variables. The Partial F-test reveals each set of the 
variables of interest have high statistical significance (Appendix III).
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4.3.5 Spatial Dependence and Model Miss-specification
Spatial data often violates the classic regression assumption of the independence 
of observations due to the spatial effect of the data. This spatial effect can bias the 
estimate of the standard errors of parameters and offer misleading tests of significance 
(Anselin, 1988). There are two common tests to identify spatial dependency: Moran’s I 
and LM test. Table 22 presents the results of the Moran's I test and LM test to detect the 
existence of spatial autocorrelation.
Table 22. Spatial Depend ency Test
Model Moran I LM (lag) RobustLM
(Lag)
LM (Error) Robust
(Error)
SARMA
1-MI/DF 1 1 1 1 2
1-Value 0.04534 158.98 86.157 70.772 0.95211 156.93
1- Prob. 0.0000 <2.2e-16 <2.2e-16 <2.2e-16 0.3292 <2.2e-16
2-MI/DF 1 1 1 1 2
2-Value 0.05264 178.19 82.796 95.425 0.03057 178.22
2-Prob. <2.2e-16 <2.2e-16 <2.2e-16 <2.2e-16 0.8612 <2.2e-16
All models have a significant Moran I statistics that requires spatial analysis. 
Figure 25 demonstrates the Moran plot for 2-years of land bank acquisition effect
model at the 500-feet buffer.
Residual
Figure 25. Moran Plot of 2-Year Land Bank Acquisition at the 500-feet buffer
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The plot demonstrates a pattern of the residual clustering. This plot supports the existence 
of the spatial pattern expected for land bank acquisition data.
Figure 26 OLS demonstrates the clustering pattern of OLS residuals.
Figure 26. Residual Map of 2-Years of Land Bank Acquisition for 500-feet buffer
The residual of the OLS shows the clustering pattern in the study area. This pattern may 
implies the existence of the spatial structure in the data.
The second test is the Lagrange Multiplier (LM) test. One LM test produces five 
results that may indicate a preference for the spatial lag model or spatial error model. The 
model of the 500-feet buffer has a strongly significant LM test for the lag and the error 
model at the level of p<0.000. In the model for the 1,000-feet buffer, the spatial error was 
not significant, but the lag model was strongly significant. The preferred spatial model is 
the spatial lag model. The LM test results are 158.98 in Model 1 and 178.19 in Model 
two. This study uses an inverse distance and row standardized weight matrix of the first 
order based on the k-neighbor (knn=20).
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Table 23 presents the diagnostics to determine which model is the best fit for the
regression.
Table 23. Spatial Diagnostics- Improved Fit Determination
Name Positive Number 
Indication
Negative Number 
Indication
Log Likelihood (LL) Increases Decreases
Akaike Info Criterion (AIC) Decreases Increases
Bayesian Schwarz Criterion (SC) Decreases Increases
Anselin (2004) specifies, “While it is tempting to focus on traditional measures, 
such as the R2, this is not appropriate in a spatial regression model. The value listed in the 
spatial lag output is not a real R2, but a so-called pseudo-R2, which is not directly 
comparable with the measure given for OLS results. The proper measures of fit are the 
Log-Likelihood, AIC, and SC or Bayesian SC (BSC).” This study presents the summary 
of the model improvement in following section 4.5.1.
107
4.4 OLS Regression Results
The following tables present the estimates of the primary variables of interest for 
each hypothesis and their respective models. Table 24 summarizes the OLS diagnostics.
Table 24. Summary of OLS Diagnostic
Model Model 1 for 500 feet buffer Model 2 for 1,000 feet buffer
Model
Performance
AIC: 10,056.13
BIC: 10,574.86
Log Lik: -4,951.1(df=77) 
Adjusted R2: 72.02%
AIC: 10,065.22
BIC: 10,624.37
Log Lik: -4,982.515(df=77) 
Adjusted R2: 72.37%
F test F-statistics: 214.7
DF: 75 of 6,152
P-value: < 2.2e-16
F-statistics: 198.7
DF: 75 of 6,152
P-value: < 2.2e-16
Normality
JB Test
X-squared =24.01, Df=2
P-value: 0.000006112
X-squared =18.907, Df=2
P-value: 0.00007841
Multi-collinearity
GVIF^(l∕(2*Df))
LBACQ5tl2: 1.571
PLB5tL 1.271
LBACQlkl2: 2.156
PLBlktl: 1.578
Heteroscedasticity 
BP Test
White Test
BP=788.72 (df=75)
P-value: < 2.2e-16
F-statistics: 153.6
P-value< 2.2e-16
BP=783.39 (df=81)
P-value: < 2.2e-16
F-statistics: 154.1
P-value< 2.2e-16
Autocorrelation
DW Test
D-W statistics =2.008024 
P-value=0.728
D-W statistics = 2.010318 
P-value=0.7
Spatial
Autocorrelation 
Moran’s I
Moran’s I statistics: 0.45
P-value: < 2.2e-16
Moran’s I statistics: 0.045772 
P-value=0.00002899
The F-statistics finds that all variables are strongly significant: the model with a
500-foot buffer is 214.7 (P-value=0.000) and the model with 1,000-foot buffer is 198.7
(p-value=0.000). The BP and White tests detect heteroscedasticity in both models. The 
JB test did not confirm the normality of the residual distribution. The Moran’s I and 
Lagrange Multiplier tests confirm spatial dependence in both models. The LM test 
supports the selection of the spatial lag model to measure the spillover effect of the land 
bank acquisition as explained in the previous Section 3.2. This study controlled for 
spatial autocorrelation using the spatial lag model. See full regression result in Appendix 
VII and spatial regression result to Appendix VIII.
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4.4.1 Control Variable Estimate
Table 25 presents the estimate of structural variables in the OLS model.
Table 25. Estimate of Structural Attributes
Variable 2Yr ACQ-500 ft. Sign. 2 Yr ACQ-1000ft. Sign.
(Intercept) 10.520(0.091) *** 10.516(0.096) ***
AGE -0.006(0.001) *** -0.006(0.001) ***
LOTSQFT 0.001(0.001) *** 0.001(0.001) ***
LAREASQFT 0.001(0.001) *** 0.001(0.001) ***
BED -0.011(0.011) -0.012(0.011)
DBATH2 -0.066(0.022) -0.069(0.022) **
DBATH3m -0.109(0.053) * -0.121(0.053) *
halfbath 0.055(0.022) * 0.055(0.022) *
FirePlace 0.089(0.019) *** 0.089(0.019) ***
CENTRAL AIR 0.167(0.023) *** 0.17(0.023) ***
FORCEDAIR -0.164(0.048) *** -0.176(0.048) ***
ATTACHGARAGE 0.106(0.035) ** 0.102(0.035) **
GARAGE 0.059(0.009) *** 0.061(0.01) ***
RAN -0.028(0.029) -0.029(0.029)
COL 0.019(0.019) 0.019(0.019)
BUN 0.076(0.038) * 0.072(0.038)
TOWNH 0.329(0.069) *** 0.328(0.069) ***
DCQAAVG -0.002(0.016) 0.001(0.016)
DCQBAVG -0.273(0.054) *** -0.272(0.055) ***
DCONDAAVG 0.301(0.026) *** 0.307(0.027)
DCONDBAVG -0.323(0.019) *** -0.323(0.019)
DOther -0.070(0.074) -0.073(0.075)
DQCD -0.346(0.022) *** -0.346(0.023) ***
DLWAR -0.354(0.022) *** -0.358(0.022) ***
DSURV 0.062(0.024) ** 0.066(0.024) **
Signif. codes: 0 '***' 0.00 '**' 0.01 '*' 0.05 0.1 ‘ ’ 1; (): Standard Error
Structural attributes exhibit a similar direction to existing hedonic literature. The 
age of the house has a negative 0.6 percent effect on the home sale price and is significant 
at the level of 0.001 percent. Lot size, the number of half bath, the existence of fireplace, 
central air, the existence of an attached garage, and garage capacity are positively 
associated with the home sale price and all parameters are statistically significant. Below
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average construction quality results in a 27.3 percent lower value than the average 
construction quality house at the level of 0.001 percent significance. Above average 
housing condition is 30.1% higher home value compared to the home sale price with the 
average housing condition at the level of 0.001 percent significance and a -32.3 percent 
difference with below average house condition. The Quit Claim sale has 34.6 percent 
lower sale value than the average price transferred with Warranty Deed and is statistically 
significant; respectively, -35.4 percent for Limited Warranty home and 0.62 percent for 
the Survivorship Deed. The estimates of structural variables are similar from both models
at the 500-foot buffer and 1,000-foot buffer. The similarities with the other hedonic
literature indicate that the OLS model works efficiently.
Table 26 summarizes the estimate of neighborhood attributes, locational
variables, zone code, closeness, and seasonality control variables from the OLS model.
Table 26. Estimate of Neighborhood, Location, Zone, Closeness, and Seasonality
Variable 2Yr ACQ-500 ft. Sign. 2YrACQ-1,000 ft. Sign.
PctBAHigh 0.014(0.002) *** 0.014(0.002) ***
ZONE1F 0.101(0.036) ** 0.103(0.036) **
ZONE2F 0.014(0.031) 0.016(0.032)
NUCml -0.145(0.028) *** -0.141(0.029) ***
HEXITml -0.002(0.019) -0.007(0.019)
Treat5 -0.153(0.021) -0.091(0.028) **
Q12013 -0.046(0.029) -0.044(0.03)
Q22013 0.057(0.027) * 0.058(0.027) *
Q32013 0.152(0.027) 0.146(0.027) ***
Q42013 0.090(0.027) 0.083(0.027) **
Q12014 0.181(0.028) 0.183(0.029) ***
Q22014 0.181(0.027) 0.177(0.028)
Q32014 0.171(0.03) 0.165(0.031)
Signif. codes: 0 '***' 0.00 '**' 0.01 '*' 0.05 0. ‘ ’ 1; (): Standard Error
All other neighborhood attributes are dropped from the research except the 
percent of homes 25 years or over the tract population with a Bachelor’s degree or higher
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educational attainment (PctBAHigh) due to a correlation issue. A one percent increase in 
the population with the higher educational attainment (PctBAHigh) results in a 1.4 
percent premium. If the sale is located in the single-family zone, the sale has a 10.1 
percent higher value than the average sale price in other zones at the level of 0.05 percent 
significance. The distance to the neighborhood urban center (mile) is negatively 
associated with the sale price (-14.5 percent at the level of 0.001 percent significance).
The third quarter of 2012 is omitted as a reference. The quarter and year index 
variables are controlling seasonal sale variation and yearly Cleveland housing market 
change. The expected direction of the control variable estimates indicates that the OLS 
model is working efficiently.
4.4.2 Effect of Land Bank Acquisition and Pre-land bank
4.4.2.1 Effect of Land Bank Acquisition with a 500-foot buffer
Table 27 presents the estimates of all land bank acquisition (LBACQ5) and pre-
land bank (PLB5tl) property within 500-feet distance buffer.
Table 27. All Land Bank Acquisition and Pre-Land Bank within 500 feet
Variable Estimate Std. Error t value Pr(>∣t∣)
(Intercept) 10.52033437 0.090325681 116.471 <2e-16
LBACQ5 -0.007486781 0.002360432 -3.172 0.001523 **
PLB5tl -0.023775815 0.006940916 -3.425 0.000618
FSale5 -0.025168522 0.006028408 -4.175 3.02E-05
VLOT5 -0.00337192 0.001808985 -1.864 0.062371
VAH5 -0.010488073 0.002184372 -4.801 1.61E-06 ***
PreSheriff -0.219804629 0.016020331 -13.72 <2e-16 ***
TaxDelq -0.082560281 0.025293381 -3.264 0.001104 **
Significant codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 0.1 ‘ ’ 1
R2: 72.36%, Adjusted R2: 72.04%, F-statistic: 214.7 (df=6152, P-value: <2.2e-16)
The model explains the 72.36 percent of the home sale price variance (R2 = 
72.36). The estimated intercept is 10.52 and is statistically significant at the level of 0.001
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percent. Both variables, land bank acquisition (LBACQ5) and pre-land bank (PLB5tl) 
within a 500-foot buffer, are statistically significant at the 0.05 percent level and 0.001 
percent level. The land bank acquired properties at the 500-foot buffer (LBACQ5) are a 
smaller negative than that of the abandoned properties (PLB5tl): -0.74 percent versus - 
2.38 percent respectively. Within the alternative model, the difference results in a net 
positive of 1.63 percent indicting of a positive impact from land bank activities.
The count of foreclosure sales (FSale5) in the previous one year measures a 2.52 
percent negative externality and is strongly significant. The vacant lot (VLOT5) has a - 
0.37 percent negative effect on surrounding property values and the abandoned and 
vacant home (VAH5) has a 1.05 percent negative effect on nearby homes. Both variables 
are statistically significant at the 0.5 percent and 0.001 percent level. Both the Sheriff 
sales (PreSheriff) and the tax delinquent properties (TaxDelq) have a negative impact on 
sale price and are statistically significant, -21.98 percent and -8.25 percent respectively.
4.4.2.2 Effect of Land Bank Acquisition with a 1,000-foot buffer
Table 28 summarizes the OLS results for the model that estimates the land bank
acquisition activity at the 1,000-feet buffer.
Table 28. All Land Bank Acquisition and Pre-Land Bank within 1,000 feet
Variable Estimate Std. Error t value Pr(>∣t∣)
(Intercept) 10.5043611 0.095026633 110.541 <2e-16 ***
LBACQlk -0.002200229 0.001053972 -2.088 0.036879 *
PLBlktl -0.007844301 0.00318215 -2.465 0.013725 *
FSalelk -0.006447111 0.002913934 -2.213 0.026968 *
VLOTlk -0.001539752 0.000775822 -1.985 0.047225 *
VAHlk -0.004595203 0.000912892 -5.034 4.95E-07 ***
PreSheriff -0.219696532 0.016128115 -13.622 <2e-16 ***
TaxDelq -0.081036342 0.025454194 -3.184 0.001462 **
Significant codes: 0 '***' 0.001 '**' 0.01 ‘*’ 0.05 0.1 ‘ ’ 1
R2: 0.7205, Adjusted R2: 0.7171, F-statistic: 211.4 (df=6152, p-value: < 2.2e-16)
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The model explains the 72.05 percent of the variance (R2= 72.05). The estimated 
intercept is 10.50 and is statistically significant at the level of 0.001 percent. Both 
variables LBACQlk and PLBlktl are statistically significant at the 0.05 percent level. 
The land bank acquired properties at the 1,000-foot buffer (LBACQlk) have a smaller 
negative estimator than the abandoned disposition (PLBlktl): -0.22 percent versus -0.78 
percent respectively. The difference is a net positive of 0.56 percent. The foreclosure sale 
data (FSalelk) for the previous one-year results in a 0.64 percent negative estimator and 
is significant at the 0.05 percent level. The vacant lot (VLOTlk) and the abandoned and 
vacant home (VAHlk) estimates are negative: -0.15 percent and -0.46 respectively. Both 
variables are statistically significant at the 0.5 percent and 0.001 percent level. Both the 
Both the Sherriff sales (PreSheriff) and the tax delinquent properties (TaxDelq) are 
negative and significant: -21.97 percent and -8.18 percent respectively.
4.4.3 Effect of Short-term Land Bank Acquisition
4.4.3.1 Effect of Short-term Land Bank Acquisition with a 500-foot buffer
Table 29 demonstrates the estimates for the effect of two years of land bank 
acquisition on nearby home sales.
Table 29. Land Bank Acquisition Previous Two Years and Pre-Land Bank
Variable Estimate Std. Error t value Pr(>∣t∣)
(Intercept) 10.51920512 0.090383782 116.384 <2e-16 ***
LBACQ5tl2 -0.008163645 0.00390291 -2.092 0.036508 *
PLB5tl -0.026366356 0.006868 -3.839 0.000125 ***
FSale5 -0.024360648 0.006025783 -4.043 5.35E-05 ***
VLOT5 -0.004163167 0.00177962 -2.339 0.019349 *
VAH5 -0.011185264 0.002197978 -5.089 3.71E-07 ***
PreSheriff -0.219712981 0.016028151 -13.708 <2e-16 ***
TaxDelq -0.081821344 0.025304793 -3.233 0.00123 **
Significant codes: 0 '***' 0.001 '**' 0.01 0.05 0.1 ‘ ’ 1.
R2: 72.36%, Adjusted R2: 72.02%, F-statistic: 214.7 (df=6152, P-value: <2.2e-16),
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The model explains 72.36 percent of the house sale variance (R2 square = 72.36). 
The estimated intercept is 10.52 and is statistically significant at the 0.001 percent level. 
Both variables LBACQ5tl2 and PLB5tl are statistically significant at 0.05 percent level 
and 0.001 percent level. The land bank acquisition within two years before the sale date 
(LBACQ5tl2) has a smaller negative estimator than the abandoned disposition (PLB5tl):
-0.81 percent versus -2.63 percent respectively. The difference is a net positive effect of 
1.82 percent. The alternative model tests the significance of this difference.
The foreclosure sales (FSale5) in the previous one-year results in a 2.43 percent 
negative externality and is strongly significant. The vacant lot (VLOT5) has a 0.42 
percent negative effect, and the abandoned and vacant home (VAH5) has a 1.11 percent 
negative premium. Both variables are statistically significant at the 0.5 percent and 0.001 
percent level. Both the Sheriff sales (PreSheriff) and the tax delinquent properties 
(TaxDelq) have a negative relationship with the sale price and are statistically significant: 
-21.97 percent and -8.18 percent respectively.
4.4.3.2 Effect of Short-term Land Bank Acquisition with a 1000-foot buffer
Table 30 demonstrates the OLS result of the model for the two years of the land 
bank acquisition and pre-land bank within a 1000-foot buffer.
Table 30. Two Years of Pre- and Land Bank Acquisition within 1,000-feet
Variable Estimate Std. Error t value Pr(>∣t∣)
(Intercept) 10.51503807 0.095079528 110.592 <2e-16 ***
LBACQlktl2 -0.005771897 0.001815344 -3.18 0.001483 **
PLBlktl -0.00770681 0.003088577 -2.495 0.012612 *
FSalelk -0.00620866 0.002911666 -2.132 0.033018 *
VLOTlk -0.001468191 0.000752606 -1.951 0.051125
VAHlk -0.004115639 0.000921687 -4.465 8.14E-06 ***
PreSheriff -0.219605796 0.016114884 -13.628 <2e-16 ***
TaxDelq -0.081707197 0.025443627 -3.211 0.001328 **
Significant codes: 0 '***' 0.001 '**' 0.01 0.05 0.1 ‘ ’ 1
R2: 0.7207, Adjusted R2: 0.7173, F-statistic: 211.7 (df=6152, p-value: < 2.2e-16)
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The negative effects of land bank acquisition within two years before the sale date 
(LBACQlktl2) was smaller than the negative effect for properties that will be acquired 
by the land bank within one year after the sale date (PLBlktl). The estimates of both 
variables are significant at 0.01 percent and 0.05 percent respectively. The difference 
between LBACQlktl2 and PLBlktl is 0.2 percent.
4.4.4 Pure Effect of Two-Years of Land Bank Acquisition
4.4.4.1 Pure Effect of Two-Years of Land Bank Acquisition with a 500-foot buffer
Table 31 presents the pure effect of two years of land bank acquisition. The 
alternative model tests the difference between the land bank acquired properties at the 
500-foot buffer (LBACQ5tl2) and the pre-land bank properties at the 500-foot buffer
(PLB5tl).
Table 31. Pure Effect of the Land Bank Acquisition Previous Two Years
Variable Estimate Std. Error t value Pr(>∣t∣)
(Intercept) 10.51920512 0.090383782 116.384 <2e-16
LBACQ5tl2 0.018202711 0.008129861 2.239 0.025192 *
LBTarProp5tl2 -0.026366356 0.006868 -3.839 0.000125
Significant codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 0.1 ‘ ’ 1
R2: 72.36% , Adjusted R2: 72.02%, F-statistic: 214.7 (df=6152, P-value: <2.2e-16)
The result represents that the pure effect of the short term land bank acquisition 
within a 500-foot buffer has a positive effect of 1.82 percent on nearby home sales. The 
estimator is statistically significant at the 0.05 percent level. This measurement indicates 
that, if the land bank acquires one abandoned property within 500-feet of the sale 
location, it increases nearby property prices by 1.82 percent.
4.4.4.2 Pure Effect of Two Years of Land Bank Acquisition with a 1000-foot buffer
Table 32 presents the pure effect of the land bank acquisition within 1000 feet
distance buffer.
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Table 32. Pure Effect of Two Year of Land Bank Acquisition within 1,000 feet
Estimate Std. Error t value Pr(>∣t∣)
(Intercept) 10.51503807 0.095079528 110.592 <2e-16 ***
LBACQlktl2 0.001934912 0.003939679 0.491 0.623349
LBTarProplktl2 -0.00770681 0.003088577 -2.495 1.26E-02 *
Significant codes: 0 '***' 0.001 '**' 0.01 0.05 0.1 ‘ ’
R2: 72.07%, Adjusted R2: 71.73%, F-statistic: 211.7 (df=6152, p-value: < 2.2e-16)
The alternative model confirms that the difference is not significant. The pure
land bank effect of short-term land bank acquisition is 0.19 percent, but this effect is not 
statistically significant. The results follow the Heckert and Mennis (2012) 
recommendation to use a small buffer to capture diffusion effects that may not be 
measurable over a long distance.
4.4.5 Hypothesis Testing and OLS Analysis Conclusion
The OLS analysis tests the first and second hypotheses explained in Section 3.3: 
the relationship between the primary variables and nearby home sale values (Hypothesis 
1-1, 1-2, 1-3, 1-4) and the relationship between pure effect of the land bank acquisition 
and home sale values (Hypothesis 2). All of the four key variables are statistically 
significant and reflect the expected direction. The hypothesis test results follow:
• Hypothesis 1-1: The land bank acquisition within a 500-foot buffer has a 
negative effect of 0.75 percent on nearby home sales at the significance 
level of 0.05 percent.
• Hypothesis 1-2: The short-term land bank acquisition within a 500-foot 
buffer has a negative effect of 0.82 percent on nearby home sales and the 
effect is statistically significant at the significance level of 0.05 percent.
• Hypothesis 1-3: The pre-land bank property has a negative effect of 2.38 
percent with a 500-feet buffer and 0.78 percent with a 1000-foot buffer. 
Both effects are statistically significant at the 0.001 percent level.
• Hypothesis 1-4: The short-term land bank targeted property has a negative 
effect of 2.64 percent on nearby home sales with a 500-feet buffer model
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at the 0.001 percent significance level and a negative effect of 0.77 percent 
with a 1,000-feet buffer at the 0.05 percent significance level.
• Hypothesis 2: the pure effect of short-term land bank acquisition within a 
500-foot buffer has a positive 1.82 percent.
Because the land bank variables are negative, a comparison between the land 
bank acquisition and the ‘to be acquired’ pre-land bank property values is necessary to 
isolate the pure effect of short-term land bank acquisition at a distance buffer of 500-feet, 
the longest distance where the variables are reliably significant.
Figure 27 demonstrates the estimate for the models within the 500-feet buffer.
Figure 27. OLS Estimates Within the 500-feet Buffer
The difference is 1.63 percent between all land bank acquisition and pre-land bank within 
500-feet buffers. The effective difference is 1.82 percent between two years of land bank 
acquisition and pre-land bank effect within 500-feet buffer. The alternative model also 
confirms that the difference of 1.82 percent is statistically significant at the level of 0.05 
percent level. This difference signifies that one land bank acquisition in the previous two
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years increases the sale price of homes within a 500-feet buffer by 1.82 percent during 
this study period in the City of Cleveland.
All control variables for the distressed property are negatively associated with the 
nearby home sale values and their estimates are similar across the model and statistically 
significant which indicates that the model is working properly.
The effect at the l,OOO-feet buffer is 0.19 percent but the variable is not 
statistically significant following the Hecker and Mennis (2012) and Hecker (2015)
conclusion about diffusion. All of the parameter estimates for the land bank acquisition 
and distressed properties are much smaller at the 1000-feet buffer, but estimates of sale
condition and other control variables are consistent with two buffers. Previous research
by Whitaker and Fitzpatrick IV (2016) and Seo and Rabenau (2010) also determined an 
impact at the equal or less than 500-feet. This study also confirms that the impact of land 
bank acquisitions will produce better estimates in smaller areas of 500-feet or less.
Considering the mean value of the sale price of properties in the dataset is 
$45,883 (Table 10 on page 85) and mean value of a two-year land bank acquisition is 
2.16 (Table 11 on p87), the positive economic impact would be estimated to be about 
$1,803 (1.82% * 2-years land bank acquisition* $45,883) for the study period. Due to the 
presence of spatial issues, the following section re-tests the data with controls to improve 
the reliability of the estimators.
The next section presents the result from the spatial analysis to control the 
presence of spatial issues. OLS result shows that measurement of the pure effect of two- 
year land bank acquisition with a 1,000-foot buffer. Therefore, this study adopts the
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spatially corrected model and GWR to test the hypotheses with a model of a 500-feet 
buffer. The summary of the result follows in the next section.
4.5 Spatial Regression Model
The OLS diagnostics confirms a spatial issue. Since the data is not significant at 
the 1 ,000-feet buffer, the next section takes the same data and controls for the presence of 
spatial issues with a spatially corrected model to test the hypotheses within the 500-feet
buffer.
4.5.1 Model Improvement
This study evaluats the improvement of model performance based on the AIC, 
BIC, and Log Likelihood. Table 33 presents the comparison of the model performance 
between OLS and the spatial lag model.
Table 33. Comparison Model Fit between OLS and Spatial Regression
Model R2
(Adjusted/Pseu
do)
Log Likelihood 
(LL)
Akaike Info 
Criterion (AIC)
Bayesian
Schwarz
Criterion(SC)
Model 1
• OLS 72.05% -4948.190 10050.38 10569.11
• Spatial Lag 72.95% -4883.933 9923.9 10449.34
Model 2
• OLS 72.02% -4951.065 10056.13 10574.86
• Spatial Lag 72.93% -4886.174 9928.3 10453.82
Overall, the spatial lag model performed better than OLS. The log likelihood, 
AIC, and BSC are significantly decreased in the spatial lag model. The models (spatial 
lag and OLS) showed similar variance (72 percent versus 73 percent).
This study examines the spatial dependence and heteroscedasticity problem after 
taking spatial correction with the spatial lag model.
Table 34 presents the Moran’s I test results.
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Table 34. Moran’s I test for Spatial Regression
Model Moran Statistics Observed rank P-Value
TLBACQ5+PLB5tl -0.0068847 110 0.89
2:LBACQ5tl2+PLB5tl -0.0068666 110 0.89
2Alt:LBACQ5t 12+LBTarProp5t 12 -0.0068666 99 0.901
Weights: row standardized inverse distance withknn=20; Alternative hypothesis: greater
The test confirms that the spatial dependence in the residual does not exist after 
taking a spatial lag model.
Table 35 demonstrates the BP test result.
Table 35. BP Test for Spatial Regression
Model BP df P-Value
TLBACQ5+PLB5tl 831.19 75 <2.2e-16
2:LBACQ5tl2+PLB5tl 835.17 75 <2.2e-16
2Alt:LBACQ5t 12+LBTarProp5t 12 835.17 75 <2.2e-16
According to the BP test, heteroscedasticity still exists in the model after spatial 
correction with the spatial lag model.
4.5.2 Spatial Weight Matrix Sensitivity
This study adapts the spatial weight matrix of row standardized with inverse 
distance weight along with the number of knn neighbors. This study tested the sensitivity 
of the spatial matrix according to the change in the number of knn based on the AIC 
value, log-likelihood value, and BIC value.
Table 36 presents the sensitivity test result.
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#
of knn
Rho LR Test Wald
Test
Log
Likelihood
AIC BIC LM Test Moran's I
OLS -7559.37 12203 16434.3
10 0.162 108.95
***
113.57
***
-5836.27 12097 16331.4 14.29
***
-0.01328 
(P val=0.099)
15 0.187 114.67
***
119.89
***
-5833.411 12091 16322.2 12.25
***
-0.010963
(P-val=0.098)
20 0.211 124.36
***
130.77
***
-5828.563 12081 16318.1 12.38
***
-0.01018
(P-val=0.98)
25 0.229 128.86
***
136.31
***
-5826.314 12077 16314.9 15.33
***
-0.01062
(P-val=0.99)
30 0.247 135.57
***
144.38
***
-5822.985 12070 16310 15.90
***
-0.01025
(P-val=0.99)
35 0.257 134.71
***
143.36
***
-5823.387 12071 16303.2 15.76
***
-0.009760
(P-val=0.99)
40 0.268 135.31
***
144.95
***
-5823.089 12070 16303.2 15.66
***
-0.009354
(P-Val=0.99)
Significant codes: 0 '***' 0.001 '**' 0.01 ‘*’ 0.05 '.' 0.1 ‘ ’
This study selected the spatial weight matrix based on knn = 20 with inverse 
distance weight. All three indicators for the model improvement show that the 
improvement is most efficient with the number of knn = 20.
Figure 28 presents the model performance by the spatial weight matrix with a
different number of knn.
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Table 36. Spatial Weight Sensitivity Test
The Akaike Information Criteria (AIC) would reliably guide the model to estimate the 
regression parameters. The model performance has been improved by the spatial weight 
matrix up to the number of knn=30. However, the improvement is maximized from
knn=10 to knn=20. Previous research for Cleveland housing analysis also adopted the 
knn=20 (Whitaker and Fitzpatrick IV, 2016). Therefore, this study selects the spatial 
weight matrix with knn=20.
4.5.3 Model Result
This study analyzes a model with both estimates ML and the spatial two-stage 
least squares (S-2SLS) since the OLS has suffered the non-normality assumption. The S- 
2SLS may provide a more reliable estimate than that of ML since the S-2SLS does not 
require the assumption of the normality. Also, this research estimates the parameter with 
S-2SLS with the robust option due to the problem of heteroscedasticity in the OLS model 
(Arbia, 2014; Kim, Phipps, & Anselin, 2003).
4.5.3.1 Effect of Land Bank Acquisition and Pre-land bank
Table 37 presents the result of the spatial lag model with ML estimate for all land 
bank acquisition.
Table 37. All Land Bank Acquisition within 5(00-feet (Spatial .ag-ML Estimate)
Variable Estimate Std. Error z value Pr(>∣z∣)
(Intercept) 8.27396796 0.216280333 38.2558 <2.2e-16
LBACQ5 -0.00637821 0.002319997 -2.7492 0.0059735 **
PLB5tl -0.018604168 0.006816137 -2.7294 0.0063444 **
Significant codes: 0 '***' 0.001 '**' 0.01 ‘*’ 0.05 0.1 ‘ ’
Rho: 0.21977, LR test value: 128.51 (p-value: < 2.22e-16), Wald statistic: 129.59, p-value: < 2.22e-16
The z-values find that all variables are significant (z-value= 11.384, p-value < 
2.22e-16). The land bank acquisition and pre-land bank variables are statistically 
significant at the 0.01 percent level. The spatial lag model provides a more concise
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estimate than the OLS. The LM test for residuals finds that there is no residual correction
which signifies that the spatial dependence of the housing price has been completely 
removed (LM test for residuals=3.489, p-value=0.0617).
The land bank acquisition has a direct negative effect of -0.64 percent on nearby 
home sale values (hypothesis 1-1). The pre-land bank property has a direct negative 
effect of -1.86 percent on surrounding property values (hypothesis 1-3). Both variables 
are statistically significant at the level of 0.01 percent significance.
Table 38 presents the calculated total impact based on the sum of direct effect and
indirect effect based on the ML-estimate.
Table 38. Impact of All Land Bank Acquisition within 500-feet (Spatial Lag-LM)
Variable Direct Indirect Total
LBACO5 -0.006408697 -0.001766067 -0.008174764
PLB5tl -0.018693094 -0.005151321 -0.023844415
The total effect of the land bank acquisition is -0.82 percent on nearby property 
values, and the pre-land bank estimator is -2.38 percent. In comparison to the OLS 
model, the direct impact of the LBACQ5 is -0.64 percent (spatial lag) versus -0.75 
percent (OLS) and for PLB5tl -1.86 percent (spatial lag) versus -2.38 percent (OLS). 
However, the total impact of land bank acquisition, including the indirect effect of the 
spillover, is a slightly greater negative effect for the LBACQ5 -0.82 percent (spatial lag) 
versus -7.48 percent (OLS). The total impact of the pre-land bank is a similar estimate 
from between the spatial lag and the OLS models.
Table 39 presents a summary of the parameter estimates from OLS, ML, 2SLS,
and 2SLS-robust.
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Table 39 Estimates of All Land Bank Acquisition by OLS. ML, 2SLS, 2SLS-robιιstVariable OLS ML S-2SLS S-2SLS-robust(Intercept) 10.52033437***(0.090325681) 8.27396796***(0.21628033) 10.5090000***(0.0918000) 10.5090000***(0.0830170)LBACQ5 -0.007486781** (0.002360432) -0.00637821**(0.00231999) -0.0074247**(0.0023921) -0.0074247**(0.0024382)PLB5tl -0.02377581***(0.006940916) -0.018604168**(0.00681613) -0.0235590***(0.0070345) -0.0235590***(0.0070802)FSale5 -0.02516852***(0.006028408) -0.019441772**(0.00593048) -0.0252300***(0.0061086) -0.0252300***(0.0061480)VLOT5 -0.00337192.(0.001808985) -0.003207164*(0.00177546) -0.0035536.(0.0018369) -0.0035536*(0.0016923)VAH5 -0.01048807***(0.002184372) -0.006143901**(0.0021726) -0.0104140***(0.0022139) -0.0104140***(0.0023470)PreSheriff -0.21980462***(0.016020331) -0.21434358***(0.01572706) -0.2203100*** (0.0162360) -0.2203100*** (0.0178210)TaxDelq -0.082560281** (0.025293381) -0.08344301***(0.02482424) -0.0826000**(0.0256290) -0.0826000**(0.0291830)Significant coc es: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ‘ ’; (): standarc errorThe S-2SLS substantially confirms the conclusions of the ML, S-2SLS, and S-2SLS-robust estimation in both the direction and the significance of the variable. Thevariable estimates from ML are smaller than that of OLS and S-2SLS, although S-2SLSprovides slightly smaller estimates than that of OLS.
4.5.3.2 Effect of Short-term Land Bank Acquisition (LBACQ5tl2)Table 40 presents the estimate for the two years of land bank acquisition using the spatial lag model.
Table 40. Two Year of Land Bank Acquisition (Spatial La g-ML Estimate)Variable Estimate Std. Error z value Pr(>∣z∣)(Intercept) 8.262072301 0.216219844 38.2114 <2.2e-16LBACQ5tl2 -0.006727324 0.003833043 -1.7551 0.0792445PLB5tl -0.020811352 0.006745284 -3.0853 0.0020333 **
Significant codes: 0 '***' 0.001 '**' 0.01 ‘*’ 0.05 0.1 ‘ ’
Rho: 0.22082, LR test value: 129.78, p-value: < 2.22e-16, Wald statistic: 131.09, p-value: < 2.22e-16The z-values show that all variables are significant (z-value=l 1.45, p-value <2.22e-16). The direction is the same with the OLS estimates. The LM test for residualsshows that there is no spatial dependence of the residual (LM value= 3.4691, p-value:
124
0.062526). The coefficient of the LBACQ5tl2 variable is a statistically significant
estimator (0.1 percent level) at -0.67 percent. The pre-land bank parameter is -2.08 
percent and is significant at the level of 0.05 percent. The difference between the two 
variables is a net difference of 1.41 (spatial lag) versus 1.63 (OLS). This difference is
tested in the alternative model.
Table 41 present the total impact of each variable.
Table 41. Impact of Two Year of Land Bank Acquisition (Spatial Lag)
Variable Direct Indirect Total
LBACQ5tl2 -0.006759811 -0.001874068 -0.008633879
PLB5tl -0.020911852 -0.005797535 -0.026709387
The total impact of two years of the land bank acquisition is -0.86 percent. The 
total impact of the pre-land bank has a -2.67 percent on nearby home sales. The 
difference between the impacts of the two variables is 1.81 percent. The spatial lag 
presents a slightly smaller coefficient of 1.81 percent versus 1.82 percent in the OLS
estimation.
Table 42 presents estimates from ML, 2SLS, and 2SLS-robust method for the 
short-term effect of land bank acquisition.
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Table 42. Estimates of Short-Term Land Bank Acquisition by OLS. ML, 2SLS, 
2SLS-robustVariable OLS ML S-2SLS S-2SLS-robust(Intercept) 10.5192051*** 8.26207230*** 10.5080000*** 10.5080000***(0.09038378) (0.21621984) (0.0918940) (0.0831240)LBACQ5tl2 -0.00816364* -0.00672732. -0.0080511* -0.0080511*(0.0039029) (0.00383304) (0.0039565) (0.0042007)PLB5tl -0.02636635*** -0.02081135** -0.026111** -0.0261 no**(0.006868) (0.00674528) (0.0069632) (0.0070131)FSale5 -0.02436064*** -0.01872657** -0.0244350*** -0.0244350***(0.00602578) (0.00592658) (0.0061077) (0.0061415)VLOT5 -0.00416316* -0.00389976* -0.004345* -0.0043435*(0.0017796) (0.00174655) (0.0018075) (0.0016701)VAH5 -0.01118526*** -0.00675949** -0.011122*** -0.0111220***(0.00219797) (0.00218672) (0.0022282) (0.0023751)PreSheriff -0.21971298*** -0.21422816*** -0.220230*** -0.2202300***(0.01602815) (0.01573288) (0.0162490) (0.0178300)TaxDelq -0.08182134** -0.0828245*** -0.081879** -0.0818790**(0.02530479) (0.02483237) (0.0256480) (0.0292200)Significant coc es: 0 '***' 0.001 '**' 0.01 '*' 0.05 0.1 ‘ ’Overall, the sign and magnitude of the variables are similar across the OLS, ML,2SLS, and 2SLS-robust. The two-stage least squares substantially confirm theconclusions of the ML estimation in both the direction and the significance of theestimators.
4.5.3.3 Pure Effect of Short-Term Land Bank AcquisitionTable 43 presents the pure effect of two years of land bank acquisition.
Table 43. Pure Effect of Two Year Land Bank Acquisition (Spatial Lag-ML)Estimate Std. Error z value Pr(>∣z∣)(Intercept) 8.26207221 0.21621984 38.2114 <2.2e-16LBACQ5tl2 0.01408403 0.00797881 1.7652 0.0775338LBTarProp5tl2 -0.02081135 0.00674528 -3.0853 2.03E-03 ***
Significant codes: 0 '***' 0.001 '**' 0.01 t*, 0.05 0.1 ‘
Rho: .22082, LR test value: 129.78(p-value: < 2.22e-16), Wald statistic: 131.09(p-value: < 2.22e-16)This model tests the hypothesis for the pure effect of short-term land bank acquisition. The coefficient of short-term land bank acquisition is statistically significant at the 0.1 percent level and the results confirm the second hypothesis that the pure effect
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of short-term land bank acquisition has a positive externality of 1.41 percent on nearby 
home sale values. The spatial lag model coefficient is a +1.41 percent compared to +1.82 
percent from the OLS.
Table 44 presents the impact of the variable on the spatial lag model.
Table 44. Impact of Pure Two-Year Land Bank Acquisition (Spatial Lag)
Variable Direct Indirect Total
LBACQ5tl2 0.014152041 0.003923467 0.018075508
LBTarProp5tl2 -0.020911852 -0.005797535 -0.026709387
The total impact of the LBACQ5tl2 is 1.81 percent which signifies that, on
average, one land bank acquisition increased the nearby home sale values by 1.81 percent 
(hypothesis 2) over the two-year period.
Table 45 presents the estimate of the pure effect of two years of land bank 
acquisition.
Table 45. Estimate of Pure Two Years Acquisition by OLS. ML, 2SLS, 2SLS-robust
Variable OLS ML S-2SLS S-2SLS-robust
(Intercept) 10.519205*** 8.26207221*** 10.50800000*** 10.50800000***(0.09038378) (0.21621984) (0.0918950) (0.0831250)
LBACQ5tl2 0.018202711* 0.01408403. 0.01805700* 0.01805700*(0.00812986) (0.00797881) (0.0082407) (0.0084037)
LBTarProp5tl2 -0.026366*** -0.0208113*** -0.02610700*** -0.02610700***(0.006868) (0.00674528) (0.0069632) (0.0070131)
FSale5 -0.024360*** -0.01872658** -0.02443600*** -0.02443600***(0.00602578) (0.00592658) (0.0061077) (0.0061415)
VLOT5 -0.00416316* -0.00389976* -0.00434340* -0.00434340**(0.00177962) (0.00174656) (0.0018075) (0.0016701)
VAH5 -0.011185*** -0.00675950** -0.01112400*** -0.01112400***(0.00219797) (0.00218672) (0.0022281) (0.0023750)
PreSheriff -0.219712*** -0.2142281*** -0.22023000*** -0.22023000***(0.01602815) (0.01573288) (0.0162490) (0.0178300)
TaxDelq -0.0818213** -0.0828245*** -0.08188100** -0.08188100**(0.02530479) (0.02483237) (0.0256480) (0.0292200)
Significant codes: 0 ‘***’ 0.001 '**' 0.01 '*' 0.05 0.1 ‘ () standard error
The coefficient of the pure effect of two years of acquisition is significant at the
level of 0.1 percent from the ML estimate method. The estimate of the two years of land
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bank acquisition is significant at the level of 0.05 percent from the both 2SLS and 2SLS- 
robust estimate. The magnitude and sign of the parameters are consistent across the OLS,
ML, 2SLS, and 2SLS-robust.
4.5.3.4 Spatial Spillover and Benefit Estimates
The ML estimates confirm a spillover effect for the two years of the land bank 
acquisition for the third hypothesis of this study. However, the JB test identifies non- 
normality and it is statistically significant (p-value=0.000006112). This high degree of
significance indicates a concern the assumption of normality in the current data set. The 
ML estimate assumes the normality, but it may not be appropriate in this case. Therefore, 
the spatial two-stage least square (S-2SLS) estimate is adopted because the S-2SLS does 
not require the normality condition. The S-2SLS is estimated with the robust option due 
to the high degree of heteroscedasticity. The S-2SLS and S-2SLS robust estimators are 
used to take the lagged dependent variable as an instrument to solve the endogeneity 
problem between the lagged variable and error term (Anselin and Rey, 2014; Arbia,
2014; Kim, Phipps, & Anselin, 2003).
Table 46 shows a summary of a spatial autoregressive parameter of the spatial lag
model.
Table 46. Spatial Autoregressive Parameter Estimate of Spatial Lag Model
Model ML S-2SLS S-2SLS-robust
1: LBACQ5+PLB5tl 0.21977***
p< 2.22e-16
3.121E-31 
(2.042E-31) 
P=0.1264436
3.121E-31 
(1.995E-31) 
P=0.1176617
2: LBACQ5tl2+PLB5tl 0.22082***
P<2.22e-16
1.442E-30 
(9.346E-31) 
P=0.122804
1.442E-30 
(9.131E-31) 
P=0.1142213
2 Alt: LBACQ5tl2+LBTarProp5tl2 0.22082***
P<2.22e-16
1.396E-30 
(9.050E-31) 
P=0.1228798
1.396E-30 
(8.843E-31) 
P=0.1143433
Note (): standard error
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According to the ML estimate, the Rho, spatial autoregressive coefficient from 
model 1, is 0.21977, and the LR test confirms that the Rho is significant (LR test
value=128.51 (p-value: < 2.22e-16), Wald statistic: 129.59(p-value: < 2.22e-16)). The estimate
of the spatial autoregressive parameter (Rho) from Model 2 and Model 2 Alt is 0.221 and 
statistically significant (LR test value 129.78, p-value=0.000). The significant Rho value 
confirms the third hypothesis that there is a spatial spillover effect by the land bank 
acquisition. The significant spatial autoregressive coefficient means there is a spatial 
similarity in the housing sale prices.
However, both, the spatial 2SLS and 2SLS-robust estimation do not confirm the 
spatial spillover hypothesis. The spatial autoregressive coefficient drops dramatically and 
is no longer significant. The effect of the spatial spillover of land bank intervention may 
not be detected due to the high degree of the heteroscedasticity issue on the data (Kim, 
Phipps, & Anselin, 2003). Or, the impact of the land bank may not generate the 
endogenous feedback on neighboring residents. It may be that the two-year land bank 
intervention is not enough time to acquire abandoned properties that could generate an 
economy of scale for the land bank activities resulting in changes to resident perception. 
Another interpretation is that the effect of land bank acquisition within two years is local, 
but not global, in its spillover effects (LeSage, 2014; Anselin, 2003). However, it may not 
be appropriate to make a conclusion of the spatial spillover hypothesis since this research 
serves as a preliminary examination of the neighborhood amenity spatial spillover of a 
land bank program. Other studies also notified the difficulty of detecting spatial spillover 
effect of the neighborhood amenity (Helms, 2012; Kim, Phipps, & Anselin, 2003)
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The derivative of the hedonic price equation concerning each independent 
variable is its implicit marginal price (MIP) following Small & Steimetz (2012), Seo & 
Rabenau (2011), and Kim, Phipps, & Anselin (2003). The spatial autoregressive
coefficient captures the indirect effect of the independent variable and the induced effects 
of neighborhoods. The marginal benefit is capitalized when the home is sold.
The elasticity of housing price from a given change in land bank acquisitions at 
the mean value for the semi-log function form for ML estimation as follows:
ELBACQ5t12 = 0.0141 * (1/(1-0.221))BACQ5t12 = 3.91%
Table 47 presents a summary of the economic benefit of the short-term land bank 
acquisition at the 500-feet buffer.
Table 4 7. Benefit Estimate of 2-Years of Land Bank Acquisition (500-feet)
Coefficient Elasticity at 
Average Sale 
Price
MIP at 
Median Sale 
Price
MIP at 
Average Sale 
Price
OLS 1.82* 3.93% $1,021 $1,803
ML 1.41%+
Total Impact: 1.81% 
with p=0.221***
3.91% $1,015 $1,793
S-2SLS 1.81%*
p= 1.3963E-30
3.91% $1,015 $1,793
S-2SLS-
robust
1.81%*
p= 1.3963E-30
3.91% $1,015 $1,793
Significant codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 0.1 '+'
The table presents the elasticity of home price from a given change in a number of 
acquisitions within two years at the mean value for the semi-log function form for ML 
estimation. The spatial regression provides smaller estimates than that of OLS which 
indicates that the OLS is overestimating the parameters by omitting spatial dependence in 
the data. This justifies the usage of the spatial analysis method over the OLS. Mean value 
of two years the land bank acquisition generates a coefficient of +3.91 percent which
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translates to an approximate $1,793 increase in home sale price based on the mean value 
of home sale prices during the study period and $1,015 based on the median home sale 
price in the data.
This study also calculated the mean marginal implicit price of the data by dividing 
the total sample benefits by the total number of observations (n=6,228). Figure 29 
presents the estimated benefit with S-2SLS with the robust option during the study period 
in the City of Cleveland.
Estimated Benefit with S-2SLS-robust 
Total Benefit: $5,590,393.9 from Sep 2012 to Ag 2014
Figure 29. Summary of the Benefit with S-2SLS robust from Sep 2012 to Aug 2014
The calculated total marginal implicit price from the spatial analysis is $5,590,394 across 
the entire study area and research time period. The total benefit of $0.7 million is 
estimated from September 2012 to December 2012, respectively, $2.9 million from 
January 2013 to December 2013, and $1.9 million from January 2014 to August 2014. 
The mean value of the implicit marginal price in the data is $897.62. The total number of
observations is 6,228 over 24 months of study period from September 2012 to August 
2014 in the City of Cleveland.
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Table 48 summarizes the expenses from both land banks from 2012 to 2014.
Table 48. Summary of Land Bank Program Expenses from 2012 to 2014
Year 2012 2013 2014
Total 28,557,475 10,254,364 6,955,329
Total Program Expenses by CLB 1,361,000 1,678,600 1,676,530
Lot Clean UP 900,000 1,229,200 1,229,200
Community Garden 141,000 129,400 127,330
Administration 320,000* 320,000* 320,000
Total Program Expenses by CCLRC 27,196,475 8,575,764 5,278,799
Professional and Contract Service 23,909,986 4,860,777 1,312,950
Indirect Salary 2,236,383 2,104,975 2,585,725
Administration 751,128 1,359,931 1,177,699
Interest and Fiscal Change 298,978 250,081 202,425
Source 1. CLB expenses: Consolidated Plan Budget City Council Hearing Report 2012, 2013, and 2014 
*: Internal document from Community Development Dept., City of Cleveland.
2. CCLRC expenses: State of Ohio Regular Audit Report, for the Year Ending December 31, 
2012,2013, and 2014
The total expenses by CLB are about $1.4 million in 2012, respectively $1.7 
million in 2013, and about $1.7 Million in 2014 (City of Cleveland 2012; 2013; 2014). 
Total expenses by CCLRC is $8.6 million in 2013 and $5.3 million in 2014 (Cuyahoga
County Land Reutilization Corp., 2013; 2014). This study is not able to analyze the cost 
and benefit of the program since the allocation of CCLRC expense in the City of 
Cleveland is not available. Also, this study is not able to allocate the benefit between two 
land banks. However, if this study allocates the benefit evenly to both land banks, this 
study finds the estimated benefit from the short-term land bank acquisition may be close 
to the total expenses by CLB.
4.6 GWR Result
The OLS and the spatial correction of OLS are not able to control the 
heteroscedasticity problem in the data. And this issue leads this study to require the 
adoption of the GWR to examine the local variation over the space in the study area. The 
GWR reveals the variance in the effect of the land bank acquisition over the study area’s
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space. The GWR also provides valuable information to construct a land bank program 
strategy for abandoned property focus and budget.
This study applies the GWR for the effect of short-term land bank acquisition
within a 500-feet buffer from the sale location. The GWR model will examine the
variation of the effect of the short-term land bank acquisition across the study area using 
the ‘spgwr’ package in the R software. This study drops a set of index variable for the 
fixed effect of the neighborhood by SPA from the basic model presented in Section 3.7. 
The variables are no longer necessary to control invariant attributes of the neighborhood 
because the GWR runs a localized regression model. The global model and the GWR
model are as follows:
Global Model
LnPricei = β0 + a × LBACT5tl2 + b × PLB5tl + c × Distressed Propety Count 
+ d × Status of sale + e × Structural Attributes 
+ f × Neighborhood Attributes + g × locational Attributes 
+ h × ZoneCode + i × Closeness + j × Seasonality & Year control + ε,
Global Model-Alternative
LnPricei = β0 + a× LBACT5tl2 + b × LBTarProp5tl + c × Distressed Propety Count 
+ d × Status of sale + e × Structural Attributes 
+ f × Neighborhood Attributes + g × locational Attributes 
+ h × ZoneCode + i × Closeness + j × Seasonality & Year control + ε,
GWR Model
LnPricei = β0 + a × LBACT5tl2(ui, vf) + b × PLB5tl(ui, vf)
+ c × Distressed Propety Count(u,i, vf) + d × Status of sale(uι, vf)
+ e × Structural Attributes(ui, vf) + f × Neighborhood Attributes(μi, vf) 
+ g × locational Attributes(ui, vi) + h× ZoneCode(ui, vi)
+ i × Closeness(ui, vi) + j × Seasonality &. Year control(ui, vi) + εi
Where, (ui, vif. The coordinates of the 'i,⅛ point in the space
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GWR Model-Alternative
LnPricei = β0 + a× LBACT5tl2(ui,vi) + b × LBTarProp5tl(ui,vi)
+ c × Distressed Propety Count(ui, vi) + d × Status of sale(ui, vi)
+ e × Structural Attributes(u,i, vf) + f × Neighborhood Attributes(u,ι, vf) 
+ g × locational Attributes(ui, vf) + h× ZoneCode(u,ι, vf)
+ i × Closeness(μi, vi) + j × Seasonality & Year control(μi, vi) + εi
Where, (ui, vi): The coordinate of the 'i'th point in the space
4.6.1 Kernel Function and Bandwidth Choice
The common method for selecting bandwidth is to minimize the Cross Validation 
(CV) score. Figure 30 presents the bandwidth search result by the CV score.
Figure 30. Bandwidth Search by the CV Score
This study selects the adaptive quantile of 6.70 percent by minimizing the CV score. This 
adaptive quantile means that GWR analyzes about 6.7 percent of the data to run the local 
regression. This study also reviews the kernel function to minimize the AIC value and 
corrected AIC (Fotheringham et al., 2002). Table 49 presents the sensitivity test for the
kernel function.
Table 49. Kernel Function Sensitivity Test
Kernel function AICc AIC Residual Sum of Square Quasi-global R2
Adaptive bi square 10177.28 9900.676 1716.471 73.46%
Fixed Gauss 10153.68 9656.509 1604.033 75.20%
Adaptive Gauss 10139.22 9696.604 1625.396 74.87%
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This study tests the sensitivity of the model performance based on the different 
types of kernel functions and selects the Gauss adaptive kernel function for the GWR
estimate.
4.6.2 GWR Model Improvement
Table 50 presents the improvement of the model by the GWR model.
Table 50. GWR Model Improvement Test
Source DF Sum Sq. Mean Sq. F value
OLS Residuals 45.00 1962.93
GWR Improvement 480.73 337.57 0.70219
GWR Residuals 5702.27 1625.37 0.28504 2.4635
The high F-value confirms the GWR model’s improvement from the OLS model. 
The ANOVA tests the null hypothesis that the GWR model shows no improvement over 
the global model. The comparison of the OLS model fit to FGWR model fit is significant 
at the 0.000 percent (F=2.4635, DF1=4607.9, DF2=5879.0, p-value <2.2e-16). The
findings signify that the GWR model performance has been improved from OLS.
4.6.3 Model Estimates
4.6.3.lEffect of Two-Year Land Bank acquisition and Pre-land bank (GWR Model)
Table 51 summarizes the GWR result for the effect of two years of land bank 
acquisition and pre-land bank.
Table 51. Two Year of and Bank Acquisition (GWR Y odel)
Variable Min. 1st Qu. Median 3rd Qu. Max. Global Sign.
Intercept 9.80862 10.13095 10.3639 10.72195 11.22041 10.6844 ***
LBACO5tl2 -0.03989 -0.01853 -0.00888 0.00816 0.03933 -0.0066 ***
PLB5tl -0.0599 -0.04204 -0.0268 -0.01911 0.02136 -0.0303
FSale5 -0.05659 -0.03036 -0.02354 -0.01506 0.01666 -0.0173 ***
VLOT5 -0.02513 -0.01139 -0.00358 -0.00037 0.01448 -0.0021
VAH5 -0.06277 -0.02121 -0.01603 -0.01181 -0.00259 -0.0223
PreSheriff -0.37534 -0.27425 -0.21817 -0.15653 -0.09326 -0.2324 ***
TaxDelq -0.35713 -0.17954 -0.09867 -0.06962 0.01914 -0.1089 ***
Significant codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 0.1 ‘ ’ 1
Number of data points: 6228, Residual sum of squares: 1625.369, Quasi-global R2: 0.7487013
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The minimum value of the effect of the short-term land bank acquisition is -3.99 
percent. The median value is -0.88 percent, respectively +0.82 percent for the 3rd 
quantile, +3.93 percent for maximum value. The direction of the effect of the two-years 
of land bank acquisition turns out positive from the native 3rd quantile. The global 
estimate is -0.66 percent.
According to the significance of the stationary test (Fotheringham, Brunsdon, and 
Charlton, 2002), the variation of the effect of the two years of land bank acquisition 
variable is large enough to reject the null hypothesis that the parameter is globally fixed. 
The coefficient is statistically significant. The stationary test estimates whether the 
observed variation at the local level is sufficient to reject the null hypothesis. The 
variation of the following variables can reject the stationary hypothesis: LBACQ5tl2, 
FSale5, VLOT5, VAH5, PreSheriff, and TaxDelq. The pre-land bank variable is not
significant and that implies that the negative effect of the pre-land bank property is fixed 
across the study area. The fixed effect of the pre-land bank is -3.03 percent. The estimate 
of the parameter by GWR is larger than the estimate from OLS (-2.63 percent) and spatial 
lag model (-2.67 percent on ML, -2.61 percent on S-2SLS).
Figure 31 presents the local residual value.
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The residual plot map depicts that the variation of the residual is similar across the study 
area with no clustered pattern. The GWR may resolve the spatial patterns in the study 
area. Figure 32 shows the local R2 values.
local Square R
within 500 ft from the sale location
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The quasi-global R2 is 74.87% demonstrates that the portion of variation explained in the 
model. The local R2 varies over space in the City of Cleveland.
Figure 33 presents the distribution of local estimates for the two years of land 
bank acquisition in the study area.
Two Year of Land Bank Acquisition Effect
within 500 ft from the sale location
Figure 33. Estimate of the Two Years Land Bank Acquisition
The estimate of two years of land bank acquisition effect on nearby neighborhood 
properties varies across space in the City of Cleveland. The effect of two years of land 
bank acquisition is positive the following areas: Westside of Cleveland, Kamm’s Conner, 
west part of the Jefferson, East part of Glenville, West part of the Collinwood 
Nottingham, and Euclid Green. The land bank acquisition effect is lower in the center of 
Old Brooklyn and the boundary area among Mount Pleasant, Lee-Harvard, and Lee- 
Servile neighborhood. Although the GWR finds local variation, the method cannot 
explain why the variation exists.
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The significance of the local parameter estimates is also an important issue with 
the presentation of GWR result. The significance of the estimates are based on the 
combination of the calculated local t-value and the confidence interval. This study 
follows the significant search method by Matthews & Yang (2015), Mennis (2006), and 
Fotheringham, Brunsdon, & Charlton (2002). The parameter is significant if the t value is
greater than +1.96 or smaller than -1.93 at the 95 % confidence level, respectively greater 
than +1.64 or smaller than -1.64 at the 90 percent confidence level. This study presents 
the significant parameter map at the 90 percent confidence level follows Matthews & 
Yang (2015), Mennis (2006).
Figure 34 presents the significant local estimate of a two-year land bank 
acquisition.
Figure 34. Significant Estimate of the Two Years Land Bank Acquisition
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A total of 2,614 locations (41.97 percent) for the local estimates of two-year land bank 
acquisition turns out significant at the 90 percent confidence level. This study greys out 
non-significant local estimates at the 90 percent confidence level. This study finds that 
the higher negative effect locations are concentrated in the Old Brooklyn and boundary 
areas among Mt. Pleasant, Union-Miles, and Lee-Harvard neighborhood. High positive 
effect location is observed in Greenville and Collinwood-Nottingham neighborhoods.
Table 52 summaries the distribution of significant location for the short-term land 
bank effect by neighborhoods at the 90 % confidence level.
Table 52. Summary of Parameter Estimates by Neighborhood (LBACCQ5tl2)
Neighborhood Name Count Mean Min Max
Broadway-Slavic Village 69 -0.93% -1.03% -0.87%
Brooklyn Centre 8 -1.43% -1.47% -1.39%
Buckeye-Shaker Square 125 -1.30% -2.57% -0.87%
Buckeye-Woodhill 37 -0.99% -1.18% -0.90%
Central 16 -0.83% -0.88% -0.74%
Clark-Fulton 2 -1.54% -1.59% -1.49%
Collinwood-Nottingham 91 1.77% 1.47% 2.12%
Cudell 50 -1.96% -2.15% -1.72%
Detroit Shoreway 236 -2.13% -2.22% -1.94%
Downtown 3 -1.03% -1.03% -1.02%
Edgewater 72 -1.93% -2.08% -1.69%
Euclid-Green 2 1.41% 1.38%, 1.44%,
Glenville 235 1.87o∕o 1.26%, 2.29%,
Goodrich-Kirtland Pk 4 -0.71% -0.73% -0.70%
Kinsman 15 -0.93% -1.15% -0.83%
Lee-Harvard 205 -2.64% -3.58% -1.52%
Lee-Seville 58 -1.71% -2.45% -1.20%
Mount Pleasant 225 -2.28% -3.64% -1.08%
Ohio City 137 -1.89% -2.03% -1.59%
Old Brooklyn 507 -2.53% -3.99% -1.07%
Stockyards 76 -1.63% -1.78% -1.47%
Tremont 139 -1.55% -1.98% -1.34%
Union-Miles 178 -2.41% -3.68% -1.23%
West Boulevard 124 -1.81% -1.98% -1.61%
Total 2,614 -1.58% -3.99% 2.29%
Note: The estimates are significant at the 90 percent confidence level.
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The estimate varies from -3.99 percent to +2.29 percent across the neighborhood 
in the City of Cleveland. This study finds that the effect of the short-term land bank 
acquisition turns out as a negative externality in most of the neighborhoods, but the 
difference form the effect of the pre-land bank property is always a positive externality 
on nearby home sales.
The locally significant estimates are located in the 24 neighborhoods among 32 
neighborhoods in the City of Cleveland. The effect of the short-term land bank 
acquisition turns out a positive externality in three neighborhoods: Glenville, Euclid 
Green, and Collinwood-Nottingham. The different effect between short-term land bank 
acquisition and the pre-land bank is tested in the alternative model in the following
section.
4.6.3.2 Pure Effect of Two-Year Land Bank Acquisition
Table 53 summarizes the pure effect of two years of land bank acquisitions from
the GWR alternative model.
Table 53. GWR Result of 500 Feet Bufl 'er Mode (GWR Alternative)
Variable Min. 1st Qu. Median 3rd Qu. Max. Global Stationary
Sign.
Intercept 9.8086 10.1309 10.3639 10.7219 11.2204 10.6844 ***
LBACO5tl2 -0.0248 0.009 0.0185 0.0337 0.0947 0.0238
LBTarProp5tl2 -0.0599 -0.042 -0.0268 -0.0191 0.0213 -0.0303
FSale5 -0.0565 -0.0303 -0.0235 -0.015 0.0166 -0.0173 ***
VLOT5 -0.0251 -0.0113 -0.0035 -0.0003 0.0144 -0.0021 ***
VAH5 -0.0627 -0.0212 -0.016 -0.0118 -0.0025 -0.0223 ***
PreSheriff -0.3753 -0.2742 -0.2181 -0.1565 -0.0932 -0.2324 ***
TaxDelq -0.3571 -0.1795 -0.0986 -0.0696 0.0191 -0.1089 ***
Significant codes: 0 ‘***’ 0.001 '**' 0.01 '*' 0.05 0.1 ‘ ’ 1
Number of data points: 6228, Residual sum of squares: 1625.369, Quasi-global R2: 0.7487013
The pure effect of the short-term land bank acquisition and total targeted land 
bank property variables do not have enough variation to reject the null hypothesis of a
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fixed effect across space. The global estimate of the LBACQ5tl2 is +2.38 percent. The 
global estimate of the land bank targeted property is -3.03 percent. Both estimates are 
larger than those from the OLS and spatial lag model.
The stationary test reveals that the land bank acquisition does not have a problem 
with structural instability. This implies that the pure effect of the short-term land bank 
acquisition estimate from the spatial lag model is reliable even though the BP test 
confirms a heteroscedasticity problem in the data.
4.6.4 GWR Result Summary
The stationary test of the GWR model reveals that the effect of two years of land 
bank acquisition variable is not stationary across space, but the pre-land bank variable 
does not have enough local variation to reject the null hypothesis.
Both GWR models reveal that the abandoned property variables are not stationary 
in the conceptual frame in Section 3.1.
The GWR model finds that the effect of the short-term land bank acquisition has 
the variation across the study area, but it is statistically significant. The effect of the pre- 
land bank property is stationary and fixed with both land banks mitigating the negative 
effect of abandoned properties across the City of Cleveland.
According to the stationary test of the GWR alternative model, the pure effect of short-
term land bank acquisition does not have a structural instability challenge. This result 
suggests that the estimates from the spatial analysis in section 4.5 are still reliable 
although spatial correction does not fully control the heteroscedasticity issue in the data. 
The GWR may be a useful tool to explore data stability and to provide supplementary
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information about the stationary aspect of the data in the presence of heteroscedasticity 
with the spatially corrected regression.
4.7 Summary of the Result
This study tests three hypothesizes from the OLS and spatial lag model. The first 
hypothesis for the land bank acquisition variables and pre-land bank property variables 
are statistically significant and the direction of the effect is shown as expected. The 
results demonstrate that the land bank acquisition still negative but much smaller than 
that of the pre-land bank with a 500-foot buffer.
The short-term land bank acquisition indicates the similar negative effect of a 
vacant lot, but it does not turn out positive externality from OLS and spatial analysis. Pre-
land bank has similar negative externality with that of the foreclosed sale surrounding 
housing sales. The direction of the parameter estimates are similar with the previous 
research by Whitaker & Fitzpatrick IV (2016). The negative effect of the pre-land bank is 
stronger than that of vacant and abandoned home and that of a vacant lot. It shows both 
land banks have effectively targeted abandoned property in the neighborhoods.
The second hypothesis for the pure effect of the short-term land bank acquisition 
is statistically significant. This study finds a positive effect within the 500-foot buffer 
from the sales. The pure effect of the short-term land bank acquisition is statistically 
significant at the 0.05 percent significance level. From estimates by OLS, S-2SLS, and S- 
2SLS-robust. It is marginal (0.1 percent significance level) with the ML estimate. The 
parameter estimates for the variables is positive 1.82 percent in the OLS and positive 1.81
with the S-2SLS and S-2SLS-robust. The estimated coefficient from the ML estimation
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finds a 1.41percent of a positive effect with p=0.221. The calculated total impact is 1.81
percent.
This study finds that estimates of the variables are significantly dropped when the 
larger buffer of 1,000-foot. This study is not able to test the difference between two 
effects by land bank acquisition and pre-land bank in the Ι,ΟΟΟ-foot buffer. The 1,000- 
foot buffer may not detect the effect due to the diffusion problem (Heckert & Mennis, 
2012). This study finds the 500-foot buffer is effective to prevent the diffusion problem 
for the relatively small size of the effect of land bank intervention follows previous 
studies (Whitaker & Fitzpatrick IV, 2016; Seo & Rabenau, 2011).
Last, this study tests the spatial spillover hypothesis from the spatial lag model. 
ML-estimate presents the spatial spillover of the land bank acquisition, but the estimate 
by S-2SLS and S-2SLS robust, more appropriate estimates with non-normality condition 
of the data, does not detect the spatial spillover effect of the land bank acquisition. More 
study will be required to draw the conclusion of spatial spillover hypothesis in the future 
since this is a primary case study for the land bank with relatively short-term operation 
history.
This study adopts the geographically weighted regression (GWR) analysis to 
handle the spatial structure in the data. GWR result presents that the effect of the land 
bank acquisition varies across from -3.99 percent to +3.93 percent in the study area, but 
the effect of the pre-land bank is stationary. The pure effect of the land bank acquisition 
also does not have a structural instability. This implies the spatial analysis would be still 
reliable although the heteroscedasticity exists in the data, this study finds the GWR is a 
useful explanatory tool to examine the spatial structure in the data.
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CHAPTER V.
DISCUSSION
5.1 Discussion and Implications
5.1.1 Effect of the Land Bank Acquisition
There are two major objectives of this study to investigate how the land bank 
intervention affect nearby home sale values; the impact of the land bank intervention on 
nearby home sale values and the potential for a spatial spillover effect.
The parameter estimates of the land bank acquisition reduce the negative impact 
of distressed properties, but the estimates still maintain a negative sign across the OLS 
and spatial lag models. The effect of the land bank acquisition is close to the effect of the 
vacant lot near home sales which is better than abandoned and vacant properties or 
foreclosed properties. The effect of short-term land bank acquisition on nearby home sale 
values varies across the areas in the City of Cleveland. The effect of the short-term 
acquisition switches the direction between the median and the 3rd quantile. This study 
finds that the land bank has a smaller negative effect than that of the abandoned 
properties when both land banks are working on the acquisition. This result follows the 
previous land bank research by Whitaker & Fitzpatrick IV (2016) and Griswold & Norris 
(2007). This study also finds that the difference (pure effect) between the effect of the
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land bank acquisition and the effect the pre-land bank has a positive externality and the 
effect is statistically significant. The estimated difference is greater than the magnitude 
from previous CCLRC research by Whitaker & Fitzpatrick ΓV (2016).
Both estimates of the land bank acquisition and pre-land bank properties are 
smaller and less severe than the estimates of CCLRC by Whitaker & Fitzpatrick IV 
(2016). This may indicate the importance of a two land bank system. This study extends 
the previous literature that found a positive effect of land bank acquisition on nearby 
home sales in shrinking old industrial cities.
The second primary object of this study is to examine if the land bank 
intervention has a spatial spillover effect on nearby home sale values. This study tests the 
spatial spillover hypothesis from the spatial lag model. The ML estimate confirms the 
spatial spillover of the land bank acquisition, but the ML estimate may not be appropriate 
since there is a high degree of non-normality in the data. The more reliable estimate with 
spatial 2SLS does not confirm the spatial spillover hypothesis since the S-2SLS is not 
depending on the normality of the data. The high degree of the heteroscedasticity in the 
data also impacts the ability to make firm conclusions about the spatial spillover effect. 
Further examinations will be required, beyond this one city case study, to further test this 
hypothesis.
5.1.2 Economic Contribution of the Land Bank Acquisition
This study confirms that the land bank program has a positive externality. The 
total marginal implicit price is calculated as $5,590,394 across the city during the study 
period. Homeowners experienced an average increase in home sale price of $897.62 over 
the 24-month period from September 2012 to August 2014. The marginal estimate at the
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mean of the land bank acquisition and the median sale price is $ 1,015 with elasticity with 
2SLS-robust and $1,793 with the mean value of the sale price.
This study compares the benefit with the land bank expenses for the CLB based 
on the assumption that both land banks share the estimated benefit equally. The City of 
Cleveland has funded about $1.68 million for the land bank program in 2013. The 
estimated benefit by short-term land bank acquisition is $1.57 million in 2013, and the 
CLB brought about $0.11 million6 via land bank property sale to residents or developers 
from January 2013 to December 2013. The ratio of benefit and expenses is 0.94. The 
benefit of the two-year land bank acquisition is close to the total expenses of CLB in 
2013. This simple analysis for the CCLRC is not available since the allocation of the 
CCLRC spending in the City of Cleveland is not available.
5.1.3 Benefit of the Spatial Analysis
This study finds that the spatially corrected regression mitigates the spatial 
dependence of the model. The OLS model suffered from the spatial dependence in the 
residual. This study adopts the spatial lag model specification to resolve the spatial 
dependence in the residual. This finding extends the benefit of spatial analysis in the land 
bank program estimation.
Spatial correction of the OLS controls the spatial autocorrelation in the residual, 
but it is not able to treat the heteroscedasticity in the data. This study adopts the 
Geographically Weighted Regression (GWR) to handle the heteroscedasticity in the data.
6 This sale revenue report is generated from the CLB administrative database: Land Bank Tracking System.
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According to the GWR analysis, the effect of the pre-land bank estimator is 
stationary, or fixed, across space but the effect of the short-term land bank acquisition 
varies from -3.99 percent to 2.29 percent at the 90 percent confidence level.
The stationary test by GWR reveals that the pure effect of the short-term land 
bank intervention does not have a structural instability. This implies the spatial analysis 
would be reliable although the heteroscedasticity exists in the data. This study finds the 
GWR is a useful explanatory tool to examine the instability in the data.
5.1.4 Measurement of the Effect of the Land Bank Acquisition
This study also investigates the measurement of the land bank acquisition benefit 
following the neighborhood amenity literature. This study is able to detect the effect of 
the land bank acquisition in both buffers of 500-feet and 1,000-feet. However, the 
estimates significantly dropped at 1,000-feet. This confirms the Heckert and Mennis 
(2012) and Heckert (2015) findings that a smaller area is appropriate to prevent diffusion 
of the effect. The 1,000-fee buffer is conceptual including two census block areas which 
is too large to impact the perception of the program by neighborhood residents. This 
study confirms that a 500-foot buffer is a distance that produces reliable estimates 
following previous studies by Whitaker and Fitzpatrick IV (2016), Seo and Rabenau 
(2011), Ding and Knaap (2003), and Schill, Ellen, Schwartz, and Voicu (2002).
5.2 Policy Recommendations
This study finds a positive economic benefit from land bank acquisition. This 
positive impact quantifies an effect that may not have existed if the land bank had not 
acquired the abandoned properties leading to the conclusion that land banks are a useful 
tool for urban planning and community revitalization.
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The spatial spillover effect of the land bank acquisition has not been confirmed 
from this study. This implies that the residents’ feedback about the land bank intervention 
may not spread out enough to change other residents’ neighborhood perception. An 
associated outreach and advertising program may assist in the spreading of the 
information across the neighborhoods.
This study also provides evidence that the land bank acquisition effect varies 
across neighborhoods in the City of Cleveland, Ohio. This implies that a land bank 
acquisition strategy based on locational factors may amplify the program’s positive 
impacts.
5.3 Contributions to the Literature
This study extended the previous two research efforts to measure land bank 
effectiveness and confirms that land bank acquisitions generate a positive externality on 
nearby property sale prices. The conceptual framework for evaluating the effect of land 
bank intervention is strengthened via spatial analysis. The positive effect of the land bank 
program is present even with a large degree of distressed properties in the neighborhood. 
However, if the remaining distressed properties are omitted, the pre-land bank variable, 
which provides relevant information about the abandonment of past land bank 
acquisitions, will be correlated with the disturbance term. This will result in a biased OLS
estimation.
The conceptual model used in this study may be a useful construct for other future 
land bank studies. This study provides a preliminary examination of the spatial spillover 
effect of a land bank acquisition including the first link in the literature of a land bank 
property’s potential to serve as a positive neighborhood amenity that is perceived by local
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residents. This study extends the literature review to build up the theoretical relationship 
between the land bank intervention and nearby home sale price via neighborhood quality 
change. This study also tests the positive externality and spatial spillover of land bank 
intervention with a spatial lag model based on the conceptual relationship. This study 
finds the GWR is a useful tool to explore the structural stability in the data to manage a 
high level of heteroscedasticity in the housing sale data.
5.4 Limitations
This research is performed over a relatively short-term study period. The two-year 
period may not be a long enough to observe an economy of scale from a land bank 
program. As a case study of one city, the results may be generalized to cities in the 
distressed Midwest rust belt that have similar housing market attributes like Cleveland, 
Ohio but not necessarily to other cities with different demographics and economics. 
Currently, the R-statistical software that this study utilized does not have the capability of 
controlling for temporal and spatial dimensions simultaneously while constructing a 
spatial weight matrix (Pace, Barry, Clapp, and Rodriquez, 1998). Also, the data 
experienced non-normality and heteroscedasticity which can impact clear conclusions.
This study also does not include land bank properties in adjacent cities that fall 
within the buffer zone. For example, the City of Shaker Heights is holding 170 vacant 
lots (as of December 2017) for future development which may intersect with other City 
of Cleveland properties in the 500-feet or 1,000-feet buffer (City of Shaker Heights, 
2017). The examination of properties in adjacent cities but within the buffer zone is not 
the scope of this study at this time but including properties outside of the primary city of 
interest may provide more accurate estimates.
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5.5 Future Research
Further studies are needed to determine, conclusively, that a spatial neighborhood 
amenity spillover effect exists and examine whether it is a global or local spillover. The
literature can benefit from future studies that evaluate different land bank activities,
including interim usages for a community garden or urban garden, disposition for yard 
expansion, and sale for the redevelopment.
This study uses housing price as a proxy measure of residents’ perception and 
expectation, but the future studies can benefit from the use of other dependent variables, 
such as residents’ satisfaction with their neighborhood as a measure of land bank activity.
Further studies may examine a land bank acquisition strategy based on locational 
factors that have the potential to amplify the program’s positive impacts. Land bank 
research can benefit from a longer study period with more data points and cities to 
improve the generalization of the results. When available, the research will benefit from 
simultaneous temporal and spatial dimensions controls while constructing a spatial 
weight matrix.
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APPENDICES.
A. Variables with Definitions
Table Variables of Interest: Land Bank Property Count
Variable Description
LBACQ5 Continuous Variable: the count of land bank activities within distance abuffer 1-500 feet from the sale.
LBACQ5tl2 Continuous Variable: the count of land bank activities within distance a 
buffer 1-500 feet and within two years from the sale.
LBACQlk Continuous Variable: the count of land bank activities within distance a buffer 1-1,000 feet from the sale.
LBACQlktl2 Continuous Variable: the count of land bank activities within distance a 
buffer 1-1,000 feet and within two years from the sale.
PLB5 Continuous Variable: the count of properties will be acquired within distance buffer 1-500 from the sale location.
PLB5tl Continuous Variable: the count of properties will be acquired in 12 months within distance buffer 1-500 from the sale location.
PLBlk Continuous Variable: the count of properties will be acquired within distance buffer 1-1000 from the sale location.
PLBlktl
Continuous Variable: the count of properties will be acquired om 12 months 
within distance buffer 1-1000 from the sale location.
LBTarProp5tl2 Continuous Variable: the count of land bank targeted properties within 
distance a buffer 1-500 feet from the sale: LBACQ5tl2+PLB5tl
LBTarProplktl2 Continuous Variable: the count of land bank targeted properties within 
distance a buffer 1-1,000 feet from the sale: LBACQlkl2+PLBlktl
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Table Control Variable: Distressed Property
Variable Description
VAH5 Continuous Variable: the count of vacant & abandoned residential 
structure within distance buffer 1 -500ft from the sale location.
VAHlk Continuous Variable: the count of vacant & abandoned residential 
structure within distance buffer 1-1,000 ft. from the sale location.
VLot5 Continuous Variable: the count of vacant lots within distance buffer 1- 
500 ft. from the sale location.
VLotlk Continuous Variable: the count of vacant lots within distance buffer 1- 
1,000 ft. from the sale location.
FSale5 Continuous Variable: the count of the properties in a foreclosed sale 
within three months of the sale date within distance 1-500 ft. Buffer 
from the sale location. The foreclosed sale was identified from the list 
of Sheriff s sale.
FSalelk Continuous Variable: the count of the properties in a foreclosed sale 
within three months of the sale date within distance 1-1,000 ft. Buffer 
from the sale location. The foreclosed sale was identified from the list 
of Sheriff s sale.
Table Control Variable: Sale Status Variable
Variable Description
PreSheriff Dummy variable: it is “1” if the sale was sold on Sheriff s sale 
previous two years.
TaxDelinquency Dummy variable: it is “1” if the sale is tax delinquent status in the sale 
year.
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Table Control Variable: Structural Variable
Variable Description
AGE Continuous Variable: Age of house (Sale Year - Built Year)
LOTSQFT Continuous Variable: Lot Square footage
LAREASQFT Continuous Variable: Living Area square footage
BED Continuous Variable: Number of bedrooms
DBATH1 Dummy variable: DBATH is ‘ 1 if the # of the bathroom is 1.
DBATH2 Dummy variable: DBATH is ‘ 1 the # of the bathroom is 2.
DBATH3m Dummy variable: DBATH is ‘ 1 the # of the bathroom is more than 2.
FBASEMENT Dummy variable: Finished basement is “1”, the house has finished basement.
CENTRAL AIR Dummy variable: Central Air-conditioning; it is “1”, the air of the house is central air.
FORCEDAIR Dummy variable: Forced Air: it is “1”, the heat of the house is forced air.
ATTACHGARAGE Dummy variable: Attached Garage: It is “1”, the house has attached garage.
GARAGE Continuous Variable: Garage Capacity
Ranch Dummy variable: it is 0 if House style is a ranch.
QUALITY Dummy variable: it is “1” if house construction quality is better than average.
CONDITION Dummy variable: It is “1” if house condition is better than average.
Table Control Variable: Neighborhood Attribute Variable
Variable Description
PctAA Continuous Variable: % of African American
MHH_Inc Continuous Variable: Median household income in the past 12 months (in 2014 inflation-adjusted dollars)
PctHVacant Continuous Variable: % of housing vacancy
PctOwnOcc Continuous Variable: % of owner occupancy
PctPoverty Continuous Variable: Population percentage of under poverty status last 12 months
PctBAHigh Continuous Variable: college degree % of 25 years or over tract population with BA or Higher Education attachment
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Table Control Variable: Locational Attribute
Variable Description
CBDml Continuous Variable: distance to the CBD (mile)
NUCml
Continuous Variable: distance to the neighborhood urban center (mall) 
(mile)
HEXITml Continuous Variable: distance to the nearest high exit (mile)
Table Control Variable: Land Use
Variable Description
ZoneIF
Dummy Variable: it is 0 if Zone Code is IF
Zone2F Dummy Variable: it is 0 if Zone Code is 2F
OtherZone
Dummy Variable: it is 0 if Zone Code is not IF or 2F (Reference)
Table Control Variable: Closeness to Land Bank Properties
Variable Description
Treat5
Dummy Variable: it is 0 if the sale is located within 1-500 feet land 
bank property.
Treat lk
Dummy Variable: it is 0 if the sale is located within 1-1,000 feet land 
bank property.
Table Control Variable: Sale Year, Seasonality, and Neighborhood fixed Effect
Variable Description
SaleQuaterYear
A set of Dummy Variable: 4th Quarter 2012 is a reference.
4Q2012: it is 0 if the sale occurred in the 4th quarter of the sale year 
2012. Respectively, 1Q2O13, 2Q2013
SPA Fixed
A set of Dummy Variables: the 33 neighborhood names in the City of 
Cleveland including l)Bellaire-Puritas (Reference), 2)Broadway- 
Slavic Village, 3)Brooklyn Centre, 4)Buckeye-Shaker Square, 
5)Buckeye-Woodhill, 6)Central, 7)Clark-Fulton, 8)Collinwood- 
Nottingham, 9)Cudell, 10)Detroit Shoreway, ll)Downtown, 
12)Edgewater, 13)Euclid-Green, 14)Fairfax, 15)Glenville,
16)Goodrich-Kirtland Pk, 17)Hough, 18)Jefferson, 19)Kamm's, 
20)Kinsman, 21)Lee-Harvard, 22)Lee-Seville, 23)Mount Pleasant, 
24)North Shore Collinwood, 25)Ohio City, 27)Old Brooklyn,
28)St.Clair-Superior, 29)Stockyards, 30)Tremont, 31)Union-Miles, 
32)University, 33)West Boulevard
169
B. VIF Multicollinearity Diagnostic Result
Variable GVIF Df
GVIF^(1∕(2*
Df)) Variable GVIF
D
f
GVIFλ(1∕(2*
Df))
LBACQ5tl2 2.47043 1 1.571761 LBAC01ktl2 4.647255 1 2.155749
PLB5tl 1.61509 1 1.270863 PLBlktl 2.490865 1 1.578248
FSale5 1.15167 1 1.07316 FSalelk 1.41627 1 1.190071
VLOT5 2.24418 1 1.498061 VLOTlk 3.295256 1 1.815284
VAH5 3.42272 1 1.850062 VAHlk 6.083934 1 2.466563
PreSheriff 1.25846 1 1.121811 PreSheriff 1.259334 1 1.122201
TaxDelq 1.28085 1 1.131748 TaxDelq 1.281933 1 1.132225
AGE 2.72088 1 1.64951 AGE 2.726312 1 1.651155
LOTSQFT 1.51634 1 1.231399 LOTSQFT 1.511141 1 1.229285
LAREASQFT 3.41283 1 1.847386 LAREASQFT 3.404134 1 1.84503
BED 2.20856 1 1.486125 BED 2.208373 1 1.48606
DBATH2 1.98970 1 1.410569 DBATH2 1.985853 1 1.409203
DBATH3m 1.40094 1 1.183614 DBATH3m 1.400482 1 1.18342
halfbath 1.41639 1 1.190125 halfbath 1.417098 1 1.190419
FirePlace 1.20429 1 1.097405 FirePlace 1.207605 1 1.098911
CENTRAL AIR 1.39585 1 1.181462 CENTRAL AIR 1.395808 1 1.181443
FORCEDAIR 1.07065 1 1.034722 FORCEDAIR 1.069603 1 1.034216
ATTACHGAR
AGE 1.47322 1 1.213763
ATTACHGAR
AGE 1.475515 1 1.214708
GARAGE 1.25735 1 1.121319 GARAGE 1.256623 1 1.120992
RAN 1.49119 1 1.221146 RAN 1.491967 1 1.221461
COL 1.78611 1 1.336455 COL 1.787965 1 1.337148
BUN 1.20570 1 1.098045 BUN 1.20591 1 1.098139
TOWNH 2.07604 1 1.440849 TOWNH 2.060192 1 1.435337
DCQAAVG 1.20802 1 1.099102 DCQAAVG 1.209657 1 1.099844
DCQBAVG 1.16375 1 1.078777 DCQBAVG 1.162286 1 1.078094
DCONDAAVG 1.38407 1 1.176467 DCONDAAVG 1.383656 1 1.176289
DCONDBAVG 1.43890 1 1.199545 DCONDBAVG 1.442702 1 1.201125
PctBAHigh 4.14316 1 2.035476 PctBAHigh 4.324759 1 2.079606
ZONE IF 6.11335 1 2.472519 ZONE IF 6.122922 1 2.474454
ZONE2F 5.07899 1 2.253663 ZONE2F 5.091121 1 2.256351
NUCml 1.63941 1 1.280396 NUCml 1.649791 1 1.284442
HEXITml 4.11182 1 2.027763 HEXITml 4.134648 1 2.033383
Treat5 1.77387 1 1.331868 Treatlk 1.578767 1 1.25649
D0ther 1.02112 1 1.010509 DOther 1.022381 1 1.011129
DQCD 1.38028 1 1.174856 DQCD 1.379685 1 1.1746
DLWAR 1.29762 1 1.139134 DLWAR 1.297491 1 1.139075
DSURV 1.11714 1 1.056953 DSURV 1.116463 1 1.056628
Q12013 1.60348 1 1.266289 Q12013 1.610771 1 1.269162
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Variable GVIF Df
GVIF^(1∕(2*
Df))
Q22013 1.75498 1 1.324757
Q32013 1.78278 1 1.33521
Q42013 1.79636 1 1.340286
Q12014 1.72599 1 1.313772
Q22014 1.80201 1 1.34239
Q32014 1.63344 1 1.278061
factor(SPANM) 463.314454
3
1 1.104074
Variable GVIF Df
GVIFλ(1∕(2*
Df))
Q22013 1.76434 1 1.328285
Q32013 1.796504 1 l.340337
Q42013 1.805413 1 1.343657
Q12014 1.753448 1 1.324178
Q22014 1.865843 1 1.365959
Q32014 1.697276 1 1.302795
factor(SPANM) 1046.601895
3
1 1.118681
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C. Partial F Test
Model Variables of interest Explanatory 
variables in 
restricted model
F value Pr (>F)
1-1 LBACQ5+PLB5tl Restricted Model
A/B
13.008 0.000002305
1-2 LBACQ5tl2+PLB5tl Restricted Model
A/B
10.158 0.00003942
2-1 LBACQlk+PLBlktl Restricted Model
A/B
7.8004 0.0004136
2-2 LBACQlktl2+PLBlktl Restricted Model
A/B
10.681 0.0000234
Significant codes: ‘***’0.001 ‘**’0.01 ‘*’0.05 .'0.1 ''l
Restricted Model :
FSale5+VLOT5+VAH5+PreSheriff+TaxDelq+AGE+LOTSQFT+LAREASQFT+BED+
DBATH2+DBATH3m+halfbath+FirePlace+CENTRALAIR+FORCEDAIR+ATTACHGARAG
E+GARAGE+RAN+COL+BUN+TOWNH+DCQAAVG+DCQBAVG+DCONDAAVG+DCON
DBAVG+PctBAHigh+ZONElF+ZONE2F+NUCml+HEXΓΓml+Treat5+DOther+DQCD+DLW
AR+DSURV+Q12013+Q22013+Q32013+Q42013+Q12014+Q22014+Q32014+factor(SPANM)
Restricted Mode2:
FSalelk+VLOTlk+VAHlk+PreSheriff+TaxDelq+AGE+LOTSQFT+LAREASQFT+BED+ 
DBATH2+DBATH3m+halfbath+FirePlace+CENTRALAIR+FORCEDAIR+ATTACHGARAG 
E+GARAGE+RAN+COL+BUN+TOWNH+DCQAAVG+DCQBAVG+DCONDAAVG+DCON 
DB AVG+PctB AHigh+ZONE 1 F+ZONE2F+NUCml+HEXITml+Treat 1 k+DOther+DQCD+DLW 
AR+DSURV+Q12013+Q22013+Q32013+Q42013+Q12014+Q22014+Q32014+factor(SPANM)
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D. OLS Regression Result
1-1. OLS for All Land Bank Acquisition within 500 feet
1-2. OLS for Two years of Land Bank Acquisition within 500 feet
1- 3. OLS for Pure Land Bank Acquisition within 500 feet
2- 1. OLS for All Land Bank Acquisition within 1000 feet
2-2. OLS for Two years of Land Bank Acquisition within 1000 feet 
2-3. OLS for Pure Land Bank Acquisition within 1000 feet
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1-1. OLS for All Land Bank Acquisition within 500 feet
Variable Estimate Std. Error t value Pr(>∣t∣)
(Intercept) 10.52033437 0.090325681 116.471 <2e-16
LBACQ5 -0.007486781 0.002360432 -3.172 0.001523 **
PLB5tl -0.023775815 0.006940916 -3.425 0.000618
FSale5 -0.025168522 0.006028408 -4.175 3.02E-05 ***
VLOT5 -0.00337192 0.001808985 -1.864 0.062371
VAH5 -0.010488073 0.002184372 -4.801 1.61E-06 ***
PreSheriff -0.219804629 0.016020331 -13.72 <2e-16
TaxDelq -0.082560281 0.025293381 -3.264 0.001104 **
AGE -0.005473888 0.000401801 -13.623 <2e-16 ***
LOTSQFT 0.00001844 0.000004147 4.447 8.87E-06 ***
LAREASQFT 0.000312461 0.000025197 12.401 <2e-16 ***
BED -0.010364967 0.010263964 -1.01 0.312611
DBATH2 -0.064995502 0.021226094 -3.062 0.002208 **
DBATH3m -0.110139762 0.052380402 -2.103 0.035533 *
halfbath 0.055049742 0.021616611 2.547 0.010901 *
FirePlace 0.088582634 0.018199124 4.867 1.16E-06
CENTRAL AIR 0.165969911 0.022166346 7.487 8.01E-14 ***
FORCEDAIR -0.164375438 0.047657048 -3.449 0.000566 ***
ATTACHGARAGE 0.106739923 0.034249172 3.117 0.001838 **
GARAGE 0.057988662 0.008990201 6.45 1.20E-10
RAN -0.027894118 0.028803807 -0.968 0.332874
COL 0.018788005 0.018504421 1.015 0.309991
BUN 0.076716245 0.037628392 2.039 0.041514 *
TOWNH 0.317988233 0.068441942 4.646 3.45E-06 ***
DCQAAVG -0.002051709 0.015014138 -0.137 0.891311
DCQBAVG -0.271019694 0.053794588 -5.038 4.84E-07 ***
DCONDAAVG 0.302102367 0.025917386 11.656 <2e-16 ***
DCONDBAVG -0.323037216 0.018302665 -17.65 <2e-16
PctBAHigh 0.013408283 0.001258481 10.654 <2e-16
ZONE IF 0.098611862 0.035036084 2.815 0.0049 **
ZONE2F 0.016500366 0.030984056 0.533 0.594369
NUCml -0.146334468 0.027827936 -5.259 1.50E-07 ***
HEXITιnl -0.003916796 0.0187843 -0.209 0.834834
Treat5 -0.147727371 0.020384294 -7.247 4.78E-13 ***
DOther -0.067390334 0.073750956 -0.914 0.360881
DQCD -0.344719014 0.02195434 -15.702 <2e-16 ***
DLWAR -0.353988456 0.021624047 -16.37 <2e-16 ***
DSURV 0.061285008 0.023169409 2.645 0.008188 **
Q12013 -0.043646109 0.028773091 -1.517 0.129341
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Variable Estimate Std. Error t value Pr(>∣t∣)
Q22013 0.061976656 0.026712737 2.32 0.020367 *
Q32013 0.157961833 0.026416695 5.98 2.36E-09 ***
Q42013 0.096923555 0.026233781 3.695 0.000222 ***
Q12014 0.190395866 0.027613615 6.895 5.92E-12 ***
Q22014 0.19139975 0.026762369 7.152 9.56E-13 ***
Q32014 0.184318199 0.029118615 6.33 2.63E-10 ***
factor(SPANM)Broadway-Slavic Village -0.216902962 0.047327551 -4.583 4.67E-06 ***
factor(SPANM)Brooklyn Centre -0.139812212 0.061353787 -2.279 0.022714 *
factor(SPANM)Buckeye-Shaker Square -0.706820149 0.070646964 -10.005 <2e-16
factor(SPANM)Buckeye-Woodhill -0.383995345 0.081108234 -4.734 2.25E-06 ***
factor( SP ANM) Central 0.553926301 0.110416633 5.017 5.40E-07 ***
factor(SPANM) Clark-Fulton -0.140453504 0.061602752 -2.28 0.022642 *
factor( SP ANM) Collinwood-Nottingham -0.330520995 0.054782955 -6.033 1.70E-09
factor( SPANM) Cudell -0.088140409 0.062439917 -1.412 0.158117
factor(SPANM)Detroit Shoreway 0.120707643 0.055056943 2.192 0.028387 *
factor( SP ANM)Downtown 0.061260691 0.322863382 0.19 0.849518
factor( SPANM)Edgewater 0.165625908 0.080413452 2.06 0.039471 *
factor(SPANM)Euclid-Green -0.762914035 0.080048831 -9.531 <2e-16 ***
factor( SPANM)Fairfax -0.193148727 0.103700611 -1.863 0.062572
factor(SPANM)Glenville -0.417244647 0.054498744 -7.656 2.21E-14
factor(SPANM)Goodrich-Kirtland Pk 0.214605296 0.112214519 1.912 0.055864
factor( SPANM)Hough -0.333397103 0.085073824 -3.919 8.99E-05
factor( SPANM) Jefferson -0.002075046 0.043440328 -0.048 0.961903
factor( SPANM)Kamm's 0.263577781 0.048112236 5.478 4.46E-08 ***
factor( SPANM)Kinsman -0.2755742 0.081673201 -3.374 0.000745 ***
factor( SPANM)Lee -Harvard -0.362489271 0.051467682 -7.043 2.09E-12 ***
factor(SPANM)Lee-Seville -0.435517824 0.075110291 -5.798 7.03E-09
factor(SPANM)Mount Pleasant -0.461922063 0.058876635 -7.846 5.05E-15
factor(SPANM)North Shore Collinwood -0.188688667 0.050047273 -3.77 0.000165 ***
factor(SPANM)Ohio City 0.560121816 0.070131596 7.987 1.64E-15 ***
factor(SPANM)Old Brooklyn 0.11914459 0.039715694 3 0.002711 **
factor(SPANM)St.Clair-Superior 0.148847397 0.088802123 1.676 0.093756
factor( SPANM) Stockyards -0.043667245 0.060084852 -0.727 0.467401
factor(SPANM)Tremont 0.346008779 0.079787605 4.337 1.47E-05 ***
factor(SPANM)Union-Miles -0.407704219 0.051700223 -7.886 3.67E-15 ***
factor( SPANM)University 0.564639984 0.136256274 4.144 3.46E-05
factor(SPANM)West Boulevard -0.08143472 0.046173988 -1.764 0.077841
Significant codes: 0 ‘***’ 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ‘ ’
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1-2. OLS for Two years of Land Bank Acquisition within 500 feet
Variable Estimate Std. Error t value Pr(>∣t∣)
(Intercept) 10.51920512 0.090383782 116.384 <2e-16 ***
LBACQ5tl2 -0.008163645 0.00390291 -2.092 0.036508 *
PLB5tl -0.026366356 0.006868 -3.839 0.000125
FSale5 -0.024360648 0.006025783 -4.043 5.35E-05 ***
VLOT5 -0.004163167 0.00177962 -2.339 0.019349 *
VAH5 -0.011185264 0.002197978 -5.089 3.71E-07 φ⅛≠
Pre Sheriff -0.219712981 0.016028151 -13.708 <2e-16 φ≠φ
TaxDelq -0.081821344 0.025304793 -3.233 0.00123 **
AGE -0.005450498 0.000401962 -13.56 <2e-16
LOTSQFT 0.000018467 0.000004149 4.451 8.71E-06
LAREASQFT 0.000314048 0.0000252 12.462 <2e-16 ***
BED -0.010714948 0.010268153 -1.044 0.296752
DBATH2 -0.065507438 0.021236348 -3.085 0.002047 **
DBATH3m -0.108530986 0.052400231 -2.071 0.038382 *
halfbath 0.054162621 0.021623527 2.505 0.012278 *
FirePlace 0.08896752 0.018208966 4.886 1.06E-06
CENTRAL AIR 0.166776192 0.022173999 7.521 6.20E-14 ***
FORCEDAIR -0.163704968 0.047684388 -3.433 0.000601 ***
ATTACHGARAGE 0.105026831 0.034264437 3.065 0.002185 **
GARAGE 0.058736867 0.008989602 6.534 6.92E-11 ***
RAN -0.027596495 0.028816952 -0.958 0.338278
COL 0.018319207 0.018512461 0.99 0.322428
BUN 0.075510631 0.03764236 2.006 0.0449 *
TOWNH 0.328250149 0.068338094 4.803 1.60E-06 ***
DCQAAVG -0.001717278 0.01502136 -0.114 0.908986
DCQBAVG -0.272477814 0.053830298 -5.062 4.27E-07
DCONDAAVG 0.300485643 0.025921025 11.592 <2e-16
DCONDBAVG -0.322721073 0.018311537 -17.624 <2e-16 ***
PctBAHigh 0.013508294 0.001259075 10.729 <2e-16
ZONE IF 0.100581975 0.035042655 2.87 0.004115 **
ZONE2F 0.013770491 0.030977316 0.445 0.656672
NUCml -0.144797383 0.027833448 -5.202 2.03E-07 ***
HEXITml -0.001775167 0.018777188 -0.095 0.924684
Treat5 -0.152190226 0.020393965 -7.463 9.66E-14
DOther -0.069160951 0.073784386 -0.937 0.348621
DQCD -0.345869371 0.021959171 -15.751 <2e-16
DLWAR -0.35385356 0.021634388 -16.356 <2e-16
DSURV 0.061046985 0.02318184 2.633 0.008475 **
Q12013 -0.045981065 0.028789634 -1.597 0.110286
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Variable Estimate Std. Error t value Pr(>∣t∣)
Q22013 0.05685227 0.026695957 2.13 0.033243 *
Q32013 0.15119626 0.026413398 5.724 1.09E-08
Q42013 0.089999986 0.026260471 3.427 0.000614 ***
Q12014 0.180859872 0.027687968 6.532 7.01E-ll ***
Q22014 0.180279236 0.026859474 6.712 2.09E-ll ***
Q32014 0.170601663 0.029308951 5.821 6.15E-09 ***
factor(SPANM)Broadway-Slavic Village -0.229067743 0.047073468 -4.866 1.17E-06
factor(SPANM)Brooklyn Centre -0.133931982 0.061347549 -2.183 0.029061 *
factor(SPANM)Buckeye-Shaker Square -0.713027032 0.070671908 -10.089 <2e-16
factor(SPANM)Buckeye-Woodhill -0.400075405 0.080935149 -4.943 7.89E-07 ***
factor(SPANM)Central 0.5101613 0.10945318 4.661 3.21E-06 ***
factor( SPANM)Clark-Fulton -0.141649314 0.061631023 -2.298 0.021576 *
factor( SPANM)Collinwood-Nottingham -0.334847816 0.054807124 -6.11 1.06E-09 ***
factor(SPANM)Cudell -0.081892643 0.062448459 -1.311 0.189784
factor(SPANM)Detroit Shoreway 0.121242337 0.055108562 2.2 0.027839 *
factor( SPANM)Downtown 0.053125461 0.323001074 0.164 0.869363
factor(SPANM)Edgewater 0.164176798 0.080456829 2.041 0.041337 *
factor( SPANM)Euclid-Green -0.772513468 0.079998564 -9.657 <2e-16 ***
factor( SPANM)Fairfax -0.206018601 0.103876934 -1.983 0.047379 *
factor(SPANM)Glenville -0.428931727 0.054397696 -7.885 3.69E-15 ***
factor(SPANM)Goodrich-Kirtland Pk 0.221615979 0.112247168 1.974 0.048386 *
factor(SPANM)Hough -0.337858808 0.085102552 -3.97 7.27E-05
factor(SPANM)Jefferson -0.001317363 0.043459593 -0.03 0.975819
factor(SPANM)Kamnι's 0.258611506 0.048106614 5.376 7.90E-08 ***
factor( SPANM)Kinsman -0.279540515 0.081727291 -3.42 0.000629 ***
factor( SPANM)Lee-Harvard -0.362371433 0.051492606 -7.037 2.17E-12 φ⅛≠
factor(SPANM)Lee-Seville -0.433388534 0.075139656 -5.768 8.42E-09 φ≠φ
factor(SPANM)Mount Pleasant -0.46666749 0.058870126 -7.927 2.64E-15 φ≠φ
factor(SPANM)North Shore Collinwood -0.187515886 0.050099265 -3.743 0.000184
factor(SPANM)Ohio City 0.567125354 0.07010275 8.09 7.13E-16
factor(SPANM)Old Brooklyn 0.120767796 0.039737294 3.039 0.002382 **
factor( SPANM) St. Clair- Superior 0.119475185 0.088084562 1.356 0.175032
factor( SPANM) Stockyards -0.041765314 0.060150932 -0.694 0.487494
factor(SPANM)Tremont 0.355658427 0.07972519 4.461 8.30E-06
factor(SPANM)Union-Miles -0.41399407 0.051658848 -8.014 1.32E-15
factor( SPANM)University 0.556329291 0.136276376 4.082 4.51E-05
factor(SPANM)West Boulevard -0.078316405 0.04617703 -1.696 0.089936
Significant codes: 0 ‘***’ 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ‘ ’
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1-3. OLS for Pure Land Bank Acquisition within 500 feet
Variable Estimate Std. Error t value Pr(>∣t∣)
(Intercept) 10.51920512 0.090383782 116.384 <2e-16 ***
LBACQ5tl2 0.018202711 0.008129861 2.239 0.025192 *
LBTarProp5tl2 -0.026366356 0.006868 -3.839 0.000125
FSale5 -0.024360648 0.006025783 -4.043 5.35E-05 ***
VLOT5 -0.004163167 0.00177962 -2.339 0.019349 *
VAH5 -0.011185264 0.002197978 -5.089 3.71E-07 ***
Pre Sheriff -0.219712981 0.016028151 -13.708 <2e-16 ***
TaxDelq -0.081821344 0.025304793 -3.233 0.00123 **
AGE -0.005450498 0.000401962 -13.56 <2e-16
LOTSQFT 0.000018467 0.000004149 4.451 8.71E-06
LAREASQFT 0.000314048 0.0000252 12.462 <2e-16 ***
BED -0.010714948 0.010268153 -1.044 0.296752
DBATH2 -0.065507438 0.021236348 -3.085 0.002047 **
DBATH3m -0.108530986 0.052400231 -2.071 0.038382 *
halfbath 0.054162621 0.021623527 2.505 0.012278 *
FirePlace 0.08896752 0.018208966 4.886 1.06E-06
CENTRAL AIR 0.166776192 0.022173999 7.521 6.20E-14 ***
FORCEDAIR -0.163704968 0.047684388 -3.433 0.000601 ***
ATTACHGARAGE 0.105026831 0.034264437 3.065 0.002185 **
GARAGE 0.058736867 0.008989602 6.534 6.92E-11 ***
RAN -0.027596495 0.028816952 -0.958 0.338278
COL 0.018319207 0.018512461 0.99 0.322428
BUN 0.075510631 0.03764236 2.006 0.0449 *
TOWNH 0.328250149 0.068338094 4.803 1.60E-06 ***
DCQAAVG -0.001717278 0.01502136 -0.114 0.908986
DCQBAVG -0.272477814 0.053830298 -5.062 4.27E-07
DCONDAAVG 0.300485643 0.025921025 11.592 <2e-16
DCONDBAVG -0.322721073 0.018311537 -17.624 <2e-16 ***
PctBAHigh 0.013508294 0.001259075 10.729 <2e-16
ZONE IF 0.100581975 0.035042655 2.87 0.004115 **
ZONE2F 0.013770491 0.030977316 0.445 0.656672
NUCml -0.144797383 0.027833448 -5.202 2.03E-07 ***
HEXITml -0.001775167 0.018777188 -0.095 0.924684
Treat5 -0.152190226 0.020393965 -7.463 9.66E-14
DOther -0.069160951 0.073784386 -0.937 0.348621
DQCD -0.345869371 0.021959171 -15.751 <2e-16
DLWAR -0.35385356 0.021634388 -16.356 <2e-16
DSURV 0.061046985 0.02318184 2.633 0.008475 **
Q12013 -0.045981065 0.028789634 -1.597 0.110286
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Variable Estimate Std. Error t value Pr(>∣t∣)
Q22013 0.05685227 0.026695957 2.13 0.033243 *
Q32013 0.15119626 0.026413398 5.724 1.09E-08
Q42013 0.089999986 0.026260471 3.427 0.000614 ***
Q12014 0.180859872 0.027687968 6.532 7.01E-ll ***
Q22014 0.180279236 0.026859474 6.712 2.09E-ll ***
Q32014 0.170601663 0.029308951 5.821 6.15E-09 ***
factor(SPANM)Broadway-Slavic Village -0.229067743 0.047073468 -4.866 1.17E-06
factor(SPANM)Brooklyn Centre -0.133931982 0.061347549 -2.183 0.029061 *
factor(SPANM)Buckeye-Shaker Square -0.713027032 0.070671908 -10.089 <2e-16
factor(SPANM)Buckeye-Woodhill -0.400075405 0.080935149 -4.943 7.89E-07 ***
factor(SPANM)Central 0.5101613 0.10945318 4.661 3.21E-06 ***
factor( SPANM)Clark-Fulton -0.141649314 0.061631023 -2.298 0.021576 *
factor( SPANM)Collinwood-N ottingham -0.334847816 0.054807124 -6.11 1.06E-09 ***
factor(SPANM)Cudell -0.081892643 0.062448459 -1.311 0.189784
factor(SPANM)Detroit Shoreway 0.121242337 0.055108562 2.2 0.027839 *
factor( SPANM)Downtown 0.053125461 0.323001074 0.164 0.869363
factor(SPANM)Edgewater 0.164176798 0.080456829 2.041 0.041337 *
factor( SPANM)Euclid-Green -0.772513468 0.079998564 -9.657 <2e-16 ***
factor( SPANM)F airfax -0.206018601 0.103876934 -1.983 0.047379 *
factor(SPANM)Glenville -0.428931727 0.054397696 -7.885 3.69E-15 ***
factor(SPANM)Goodrich-Kirtland Pk 0.221615979 0.112247168 1.974 0.048386 *
factor(SPANM)Hough -0.337858808 0.085102552 -3.97 7.27E-05
factor(SPANM)Jefferson -0.001317363 0.043459593 -0.03 0.975819
factor(SPANM)Kamnι's 0.258611506 0.048106614 5.376 7.90E-08 ***
factor( SPANM)Kinsman -0.279540515 0.081727291 -3.42 0.000629 ***
factor( SPANM)Lee-Harvard -0.362371433 0.051492606 -7.037 2.17E-12 ***
factor(SPANM)Lee-Seville -0.433388534 0.075139656 -5.768 8.42E-09 ***
factor(SPANM)Mount Pleasant -0.46666749 0.058870126 -7.927 2.64E-15 ***
factor(SPANM)North Shore Collinwood -0.187515886 0.050099265 -3.743 0.000184
factor(SPANM)Ohio City 0.567125354 0.07010275 8.09 7.13E-16
factor(SPANM)Old Brooklyn 0.120767796 0.039737294 3.039 0.002382 **
factor( SPANM) St. Clair- Superior 0.119475185 0.088084562 1.356 0.175032
factor( SPANM) Stockyards -0.041765314 0.060150932 -0.694 0.487494
factor(SPANM)Tremont 0.355658427 0.07972519 4.461 8.30E-06
factor(SPANM)Union-Miles -0.41399407 0.051658848 -8.014 1.32E-15
factor( SPANM)University 0.556329291 0.136276376 4.082 4.51E-05
factor(SPANM)West Boulevard -0.078316405 0.04617703 -1.696 0.089936
Significant codes: 0 ‘***’ 0.001 t**, 0.01 l*, 0.05 t., 0.1 ‘ ’
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2-1. OLS for All Land Bank Acquisition within 1000 feet
Variable Estimate Std. Error t value Pr(>∣t∣)
(Intercept) 10.5043611 0.095026633 110.541 <2e-16 ***
LBACQlk -0.002200229 0.001053972 -2.088 0.036879 *
PLBlktl -0.007844301 0.00318215 -2.465 0.013725 *
FSalelk -0.006447111 0.002913934 -2.213 0.026968 *
VLOTlk -0.001539752 0.000775822 -1.985 0.047225 *
VAHlk -0.004595203 0.000912892 -5.034 4.95E-07 ***
PreSheriff -0.219696532 0.016128115 -13.622 <2e-16 ***
TaxDelq -0.081036342 0.025454194 -3.184 0.001462 **
AGE -0.005512787 0.000404932 -13.614 <2e-16
LOTSQFT 0.000020094 0.000004165 4.825 1.44E-06 ***
LAREASQFT 0.000321984 0.000025318 12.717 <2e-16 ***
BED -0.011736318 0.010326511 -1.137 0.255782
DBATH2 -0.068599378 0.021333014 -3.216 0.001308 **
DBATH3m -0.121090511 0.052702017 -2.298 0.021615 *
halfbath 0.053784472 0.021747913 2.473 0.013422 *
FirePlace 0.089390321 0.018336334 4.875 1.12E-06 ***
CENTRAL AIR 0.170510156 0.022296131 7.648 2.36E-14 ***
FORCEDAIR -0.17440768 0.047925487 -3.639 0.000276 ***
ATTACHGARAGE 0.104533406 0.034500788 3.03 0.002457 **
GARAGE 0.059933628 0.009040742 6.629 3.66E-11 ***
RAN -0.027179016 0.028980047 -0.938 0.348357
COL 0.018265179 0.018627272 0.981 0.326848
BUN 0.073358269 0.037855411 1.938 0.052687
TOWNH 0.324838144 0.068561354 4.738 2.21E-06
DCQAAVG 0.000256944 0.015123059 0.017 0.986445
DCQBAVG -0.276132699 0.054070729 -5.107 3.37E-07 ***
DCONDAAVG 0.305497752 0.026062889 11.722 <2e-16 ***
DCONDBAVG -0.323335326 0.018438418 -17.536 <2e-16 ***
PctBAHigh 0.013879559 0.001291274 10.749 <2e-16 ***
ZONE IF 0.10280367 0.035309378 2.912 0.00361 **
ZONE2F 0.01488028 0.031187993 0.477 0.633297
NUCml -0.141489671 0.028114439 -5.033 4.98E-07
HEXITml -0.008517275 0.018943121 -0.45 0.652998
Treatlk -0.093408214 0.027895839 -3.348 0.000817 ***
DOther -0.068264375 0.074235856 -0.92 0.357838
DQCD -0.345549858 0.022084072 -15.647 <2e-16 ***
DLWAR -0.356584667 0.021750402 -16.394 <2e-16 ***
DSURV 0.064826606 0.023298439 2.782 0.005412 **
Q12013 -0.040922081 0.029042079 -1.409 0.158867
Q22013 0.063932412 0.026966948 2.371 0.017782 *
Q32013 0.155639722 0.026696594 5.83 5.83E-09 ***
Q42013 0.093845555 0.02651464 3.539 0.000404 ***
Q12014 0.199097679 0.027900601 7.136 1.07E-12 ***
Q22014 0.196152756 0.027149714 7.225 5.62E-13 ***
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Variable Estimate Std. Error t value Pr(>∣t∣)
Q32014 0.188862533 0.029556311 6.39 1.78E-10 ***
factor( SPANM)Broadway-Slavic 
Village -0.201524821 0.049248558 -4.092 4.33E-05
factor(SPANM)Brooklyn Centre -0.138197914 0.061878742 -2.233 0.025561 *
factor(SPANM)Buckeye-Shaker
Square -0.680917692 0.072287753 -9.42 <2e-16
factor(SPANM)Buckeye-Woodhill -0.366064407 0.08266842 -4.428 9.67E-06
factor( SP ANM) Central 0.502675355 0.111723285 4.499 6.94E-06 ***
factor( SP ANM) Clark-F ulton -0.135890077 0.062232802 -2.184 0.029031 *
factor( SP ANM) Collinwood- 
Nottingham -0.335014344 0.056049984 -5.977 2.40E-09 ***
factor( SP ANM) Cudell -0.105117492 0.06291951 -1.671 0.094839
factor(SPANM)Detroit Shoreway 0.138517638 0.056476448 2.453 0.014208 *
factor( SP ANM)Do wntown 0.034768666 0.325340204 0.107 0.914897
factor(SPANM)Edgewater 0.161522221 0.081722551 1.976 0.048146 *
factor(SPANM)Euclid-Green -0.783239387 0.081194542 -9.646 <2e-16 ***
factor( SP ANM)F airfax -0.125592028 0.106256889 -1.182 0.237265
factor( SPANM)Glenville -0.334598034 0.061779742 -5.416 6.33E-08 ***
factor(SPANM)Goodrich-Kirtland Pk 0.218246203 0.113220037 1.928 0.053947
factor( SP ANM)Hough -0.287734635 0.087694212 -3.281 0.00104 **
factor( SP ANM) J efferson 0.017781638 0.044080924 0.403 0.686678
factor( SP ANM)Kamm's 0.274529077 0.049179623 5.582 2.48E-08 ***
factor( SP ANM)Kinsman -0.267836481 0.083419835 -3.211 0.001331 **
factor( SP ANM)Lee -Harvard -0.35385033 0.052290054 -6.767 1.44E-11 ***
factor(SPANM)Lee-Seville -0.464024903 0.075820893 -6.12 9.93E-10 ***
factor(SPANM)Mount Pleasant -0.418947139 0.061192865 -6.846 8.31E-12 ***
factor(SPANM)North Shore
Collinwood -0.176092864 0.050633736 -3.478 0.000509
factor(SPANM)Ohio City 0.569885454 0.072525595 7.858 4.59E-15 ***
factor(SPANM)Old Brooklyn 0.122982394 0.040147711 3.063 0.002199 **
factor(SPANM)St.Clair-Superior 0.255173067 0.093836994 2.719 0.00656 **
factor( SP ANM) Stockyards -0.01336148 0.060939497 -0.219 0.826456
factor( SPANM)Tremont 0.347297408 0.082041849 4.233 2.34E-05
factor( SPANM)Union-Miles -0.374613066 0.054373123 -6.89 6.15E-12 ***
factor( SP ANM)University 0.576142587 0.137939047 4.177 3.00E-05 ***
factor(SPANM)West Boulevard -0.07534307 0.046629737 -1.616 0.106195
Significant codes: 0 ‘***’ 0.001 t**, 0.01 ‘*’ 0.05 t., 0.1 ‘ ’
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2-2. OLS for Two years of Land Bank Acquisition within 1000 feet
Variable Estimate Std. Error t value Pr(>∣t∣)
(Intercept) 10.51503807 0.095079528 110.592 <2e-16
LBACQlktl2 -0.005771897 0.001815344 -3.18 0.001483 **
PLBlktl -0.00770681 0.003088577 -2.495 0.012612 *
FSalelk -0.00620866 0.002911666 -2.132 3.30E-02 *
VLOTlk -0.001468191 0.000752606 -1.951 0.051125
VAHlk -0.004115639 0.000921687 -4.465 8.14E-06 ***
Pre Sheriff -0.219605796 0.016114884 -13.628 <2e-16 ***
TaxDelq -0.081707197 0.025443627 -3.211 0.001328 **
AGE -0.005508058 0.0004044 -13.62 <2e-16 ***
LOTSQFT 0.000020033 0.000004163 4.812 1.53E-06 ***
LAREASQFT 0.000321977 0.000025296 12.729 <2e-16
BED -0.011928042 0.010319682 -1.156 0.247786
DBATH2 -0.068781497 0.021323191 -3.226 0.001263 **
DBATH3m -0.120012057 0.05265686 -2.279 0.022693 *
halfbath 0.054380797 0.021738375 2.502 0.012389 *
FirePlace 0.088752812 0.018326253 4.843 1.31E-06 ***
CENTRAL AIR 0.169695831 0.022285895 7.614 3.05E-14 ***
FORCEDAIR -0.175707778 0.047902354 -3.668 2.46E-04
ATTACHGARAGE 0.101310261 0.034464712 2.94 0.003299 **
GARAGE 0.060017956 0.009032481 6.645 3.30E-ll
RAN -0.028303728 0.028970308 -0.977 0.328612
COL 0.018540471 0.018615828 0.996 3.19E-01
BUN 0.071656082 0.037836185 1.894 0.058292
TOWNH 0.327897879 0.068421285 4.792 1.69E-06 ***
DCQAAVG 0.000666939 0.015107609 0.044 0.96479
DCQBAVG -0.271978673 0.054068562 -5.03 5.04E-07
DCONDAAVG 0.306038691 0.0260483 11.749 <2e-16 ***
DCONDBAVG -0.322932023 0.018428485 -17.524 <2e-16 ***
PctBAHigh 0.013645223 0.001292884 10.554 <2e-16 ***
ZONE IF 0.10256983 0.035247618 2.91 0.003627 **
ZONE2F 0.015012261 0.031171276 0.482 0.630103
NUCml -0.14065406 0.028062745 -5.012 5.53E-07 ***
HEXITml -0.006767493 0.018924555 -0.358 0.720652
Treatlk -0.090134671 0.027916001 -3.229 0.00125 **
DOther -0.072115172 0.074203392 -0.972 0.331159
DQCD -0.345994496 0.022065538 -15.68 <2e-16 ***
DLWAR -0.357767572 0.02174279 -16.455 <2e-16 ***
DSURV 0.065976878 0.023292043 2.833 0.004632 **
Q12013 -0.043654956 0.029001035 -1.505 1.32E-01
Q22013 0.057955604 0.026902557 2.154 0.031257 *
Q32013 0.145945547 0.026649068 5.477 4.51E-08 ***
Q42013 0.082628705 0.02645979 3.123 0.0018 **
Q12014 0.18264217 0.028048557 6.512 8.02E-ll ***
Q22014 0.176433088 0.027469408 6.423 1.44E-10 ***
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Variable Estimate Std. Error t value Pr(>∣t∣)
Q32014 0.164009945 0.030027413 5.462 4.89E-08 ***
factor(SPANM)Broadway-Slavic Village -0.20192603 0.048740223 -4.143 3.48E-05
factor(SPANM)Brooklyn Centre -0.144302288 0.061853083 -2.333 0.019681 *
factor(SPANM)Buckeye-Shaker Square -0.668078039 0.072384634 -9.23 <2e-16
factor(SPANM)Buckeye-Woodhill -0.356535058 0.082482724 -4.323 1.57E-05 ***
factor( SPANM)Central 0.468382202 0.110319024 4.246 2.21E-05 ***
factor(SPANM)Clark-Fulton -0.133809083 0.062205793 -2.151 3.15E-02 *
factor( SPANM)Collinwood-N ottingham -0.328928124 0.056049346 -5.869 4.63E-09 ***
factor(SPANM)Cudell -0.097821301 0.062890799 -1.555 0.119899
factor(SPANM)Detroit Shoreway 0.144747973 0.056508136 2.562 0.010444 *
factor( SPANM)Downtown 0.039810938 0.325184367 0.122 9.03E-01
factor(SPANM)Edgewater 0.167101349 0.081714455 2.045 0.040903 *
factor( SPANM)Euclid-Green -0.787649587 0.080936819 -9.732 <2e-16 ***
factor( SPANM)F airfax -0.12179336 0.106041822 -1.149 0.25079
factor(SPANM)Glenville -0.350566718 0.061675619 -5.684 1.38E-08 ***
factor(SPANM)Goodrich-Kirtland Pk 0.212334126 0.11315243 1.877 0.06063
factor(SPANM)Hough -0.293109254 0.087654228 -3.344 0.000831
factor( SPANM) Jefferson 0.018876017 0.044062703 0.428 0.668382
factor(SPANM)Kamm's 0.279215067 0.049116967 5.685 1.37E-08 ***
factor( SPANM)Kinsman -0.258070619 0.083426517 -3.093 1.99E-03 **
factor(SPANM)Lee-Harvard -0.353424281 0.052265699 -6.762 1.49E-11 ***
factor(SPANM)Lee-Seville -0.463847986 0.075765809 -6.122 9.80E-10
factor(SPANM)Mount Pleasant -0.418400152 0.061125844 -6.845 8.39E-12 ***
factor(SPANM)North Shore Collinwood -0.169925559 0.050666696 -3.354 0.000802 ***
factor(SPANM)Ohio City 0.567921536 0.07235861 7.849 4.92E-15 ***
factor(SPANM)Old Brooklyn 0.126167722 0.040149672 3.142 1.68E-03 **
factor( SPANM) St. Clair- Superior 0.24510715 0.092608508 2.647 0.008149 **
factor( SPANM) Stockyards -0.000667105 0.061126346 -0.011 0.991293
factor(SPANM)Tremont 0.349978529 0.081704463 4.283 1.87E-05
factor(SPANM)Union-Miles -0.376963523 0.054183842 -6.957 3.83E-12 ***
factor( SPANM)University 0.575244117 0.137824742 4.174 3.04E-05 ***
factor(SPANM)West Boulevard -0.075041471 0.046593891 -1.611 1.07E-01
Significant codes: 0 t***, 0.001 ‘**’ 0.01 ‘*’ 0.05 t., 0.1 ‘ ’
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2-3. OLS for Pure Land Bank Acquisition within 1000 feet
Variable Estimate Std. Error t value Pr(>∣t∣)
(Intercept) 10.51503807 0.095079528 110.592 <2e-16
LBACQlktl2 0.001934912 0.003939679 0.491 0.623349
LBTarProplktl2 -0.00770681 0.003088577 -2.495 1.26E-02 *
FSalelk -0.00620866 0.002911666 -2.132 0.033018 *
VLOTlk -0.001468191 0.000752606 -1.951 0.051125
VAHlk -0.004115639 0.000921687 -4.465 8.14E-06
Pre Sheriff -0.219605796 0.016114884 -13.628 <2e-16
TaxDelq -0.081707197 0.025443627 -3.211 0.001328 **
AGE -0.005508058 0.0004044 -13.62 <2e-16 ***
LOTSQFT 0.000020033 0.000004163 4.812 1.53E-06
LAREASQFT 0.000321977 0.000025296 12.729 <2e-16
BED -0.011928042 0.010319682 -1.156 0.247786
DBATH2 -0.068781497 0.021323191 -3.226 0.001263 **
DBATH3m -0.120012057 0.05265686 -2.279 0.022693 *
halfbath 0.054380797 0.021738375 2.502 0.012389 *
FirePlace 0.088752812 0.018326253 4.843 1.31E-06
CENTRAL AIR 0.169695831 0.022285895 7.614 3.05E-14
FORCEDAIR -0.175707778 0.047902354 -3.668 2.46E-04
ATTACHGARAGE 0.101310261 0.034464712 2.94 0.003299 **
GARAGE 0.060017956 0.009032481 6.645 3.30E-ll ***
RAN -0.028303728 0.028970308 -0.977 3.29E-01
COL 0.018540471 0.018615828 0.996 3.19E-01
BUN 0.071656082 0.037836185 1.894 0.058292
TOWNH 0.327897879 0.068421285 4.792 1.69E-06 ***
DCQAAVG 0.000666939 0.015107609 0.044 9.65E-01
DCQBAVG -0.271978673 0.054068562 -5.03 5.04E-07
DCONDAAVG 0.306038691 0.0260483 11.749 <2e-16 ***
DCONDBAVG -0.322932023 0.018428485 -17.524 <2e-16
PctBAHigh 0.013645223 0.001292884 10.554 <2e-16 ***
ZONE IF 0.10256983 0.035247618 2.91 0.003627 **
ZONE2F 0.015012261 0.031171276 0.482 0.630103
NUCml -0.14065406 0.028062745 -5.012 5.53E-07 ***
HEXITml -0.006767493 0.018924555 -0.358 7.21E-01
Treatlk -0.090134671 0.027916001 -3.229 0.00125 **
DOther -0.072115172 0.074203392 -0.972 0.331159
DQCD -0.345994496 0.022065538 -15.68 <2e-16
DLWAR -0.357767572 0.02174279 -16.455 <2e-16
DSURV 0.065976878 0.023292043 2.833 0.004632 **
Q12013 -0.043654956 0.029001035 -1.505 1.32E-01
Q22013 0.057955604 0.026902557 2.154 0.031257 *
Q32013 0.145945547 0.026649068 5.477 4.51E-08 ***
Q42013 0.082628705 0.02645979 3.123 1.80E-03 **
Q12014 0.18264217 0.028048557 6.512 8.02E-ll
Q22014 0.176433088 0.027469408 6.423 1.44E-10
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Variable Estimate Std. Error t value Pr(>∣t∣)
Q32014 0.164009945 0.030027413 5.462 4.89E-08
factor(SPANM)Broadway-Slavic Village -0.20192603 0.048740223 -4.143 3.48E-05 ***
factor(SPANM)Brooklyn Centre -0.144302288 0.061853083 -2.333 1.97E-02 *
factor(SPANM)Buckeye-Shaker Square -0.668078039 0.072384634 -9.23 <2e-16
factor(SPANM)Buckeye-Woodhill -0.356535058 0.082482724 -4.323 1.57E-05 ***
factor( SPANM)Central 0.468382202 0.110319024 4.246 2.21E-05
factor(SPANM)Clark-Fulton -0.133809083 0.062205793 -2.151 3.15E-02 *
factor( SPANM)Collinwood-N ottingham -0.328928124 0.056049346 -5.869 4.63E-09
factor(SPANM)Cudell -0.097821301 0.062890799 -1.555 1.20E-01
factor(SPANM)Detroit Shoreway 0.144747973 0.056508136 2.562 0.010444 *
factor( SPANM)Downtown 0.039810938 0.325184367 0.122 9.03E-01
factor(SPANM)Edgewater 0.167101349 0.081714455 2.045 0.040903 *
factor( SPANM)Euclid-Green -0.787649587 0.080936819 -9.732 <2e-16 ***
factor( SPANM)F airfax -0.12179336 0.106041822 -1.149 0.25079
factor(SPANM)Glenville -0.350566718 0.061675619 -5.684 1.38E-08
factor(SPANM)Goodrich-Kirtland Pk 0.212334126 0.11315243 1.877 6.06E-02
factor(SPANM)Hough -0.293109254 0.087654228 -3.344 0.000831 ***
factor( SPANM) Jefferson 0.018876017 0.044062703 0.428 0.668382
factor(SPANM)Kamm's 0.279215067 0.049116967 5.685 1.37E-08
factor( SPANM)Kinsman -0.258070619 0.083426517 -3.093 1.99E-03 **
factor(SPANM)Lee-Harvard -0.353424281 0.052265699 -6.762 1.49E-11 ***
factor(SPANM)Lee-Seville -0.463847986 0.075765809 -6.122 9.80E-10
factor(SPANM)Mount Pleasant -0.418400152 0.061125844 -6.845 8.39E-12 ***
factor(SPANM)North Shore Collinwood -0.169925559 0.050666696 -3.354 8.02E-04 ***
factor(SPANM)Ohio City 0.567921536 0.07235861 7.849 4.92E-15
factor(SPANM)Old Brooklyn 0.126167722 0.040149672 3.142 1.68E-03 **
factor( SPANM) St. Clair- Superior 0.24510715 0.092608508 2.647 0.008149 **
factor( SPANM) Stockyards -0.000667105 0.061126346 -0.011 9.91E-01
factor(SPANM)Tremont 0.349978529 0.081704463 4.283 1.87E-05
factor(SPANM)Union-Miles -0.376963523 0.054183842 -6.957 3.83E-12 ***
factor( SPANM)University 0.575244117 0.137824742 4.174 3.04E-05 ***
factor(SPANM)West Boulevard -0.075041471 0.046593891 -1.611 1.07E-01
Significant codes: 0 t***, 0.001 ‘**’ 0.01 ‘*’ 0.05 t., 0.1 ‘ ’
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E. Spatial Regression Result
Model 1 Spatial Lag Model Result
Model 1 2SLS Model Result
Model 1. GWR Result
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Model 1 Spatial Lag Model Result
Variable Estimate Std. Error z value Pr(>∣z∣)
(Intercept) 8.262072301 0.216219844 38.2114 <2.2e-16
LBACQ5tI2 -0.006727324 0.003833043 -1.7551 0.0792445
PLB5tl -0.020811352 0.006745284 -3.0853 0.0020333
FSale5 -0.018726578 0.005926582 -3.1598 0.001579
VLOT5 -0.003899765 0.001746557 -2.2328 0.0255601
VAH5 -0.006759496 0.002186721 -3.0912 0.0019938
Pre Sheriff -0.214228165 0.015732882 -13.6166 <2.2e-16
TaxDelq -0.08282454 0.024832374 -3.3353 0.0008519
AGE -0.005106437 0.000396429 -12.8811 <2.2e-16
LOTSQFT 0.000016704 4.0735E-06 4.1006 4.12E-05
LAREASQFT 0.000291329 2.47765E-05 11.7582 <2.2e-16
BED -0.009399265 0.010076817 -0.9328 0.3509432
DBATH2 -0.062004077 0.020839782 -2.9753 0.0029273
DBATH3m -0.096421321 0.051425014 -1.875 0.0607943
halfbath 0.048366271 0.021223172 2.2789 0.0226708
FirePlace 0.076062581 0.017897932 4.2498 2.14E-05
CENTRAL AIR 0.158871101 0.021761327 7.3006 2.86E-13
FORCEDAIR -0.169716129 0.046793579 -3.6269 0.0002868
ATTACHGARAGE 0.073940648 0.033685507 2.195 0.0281616
GARAGE 0.059051396 0.00882181 6.6938 2.18E-11
RAN -0.036187662 0.028282299 -1.2795 0.2007153
COL 0.023670606 0.018172093 1.3026 0.1927182
BUN 0.065138409 0.036942741 1.7632 0.0778623
TOWNH 0.191908883 0.067973338 2.8233 0.0047533
DCQAAVG -0.003693417 0.01474181 -0.2505 0.8021695
DCQBAVG -0.242171945 0.05287909 -4.5797 4.66E-06
DCONDAAVG 0.285486062 0.02549798 11.1964 <2.2e-16
DCONDBAVG -0.309939836 0.01799847 -17.2203 <2.2e-16
PctBAHigh 0.00879353 0.001311685 6.704 2.03E-ll
ZONE IF 0.075423822 0.034462712 2.1886 0.0286286
ZONE2F 0.00967819 0.030399465 0.3184 0.7502065
NUCml -0.125458483 0.027360394 -4.5854 4.53E-06
HEXITml -0.003673693 0.018428854 -0.1993 0.8419932
Treat5 -0.116906976 0.020163477 -5.798 6.71E-09
DOther -0.067655022 0.072405041 -0.9344 0.3500994
DQCD -0.341607093 0.021554879 -15.8482 <2.2e-16
DLWAR -0.349145499 0.021237208 -16.4403 <2.2e-16
DSURV 0.05504146 0.022751864 2.4192 0.0155544
Q12013 -0.042894649 0.02825146 -1.5183 0.1289347
Q22013 0.060293442 0.026198046 2.3014 0.0213663
Q32013 0.15264656 0.025919669 5.8892 3.88E-09
Q42013 0.095163202 0.025770042 3.6928 0.0002218
Q12014 0.179064393 0.027171195 6.5902 4.39E-11
Q22014 0.179911136 0.026357326 6.8258 8.74E-12
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Variable Estimate Std. Error z value Pr(>∣z∣)
Q32014 0.169018492 0.028761671 5.8765 4.19E-09
factor(SPANM)Broadway-Slavic Village -0.15036825 0.046640667 -3.224 0.0012643
factor(SPANM)Brooklyn Centre -0.059357855 0.060430931 -0.9822 0.3259802
factor(SPANM)Buckeye-Shaker Square -0.527375608 0.071148397 -7.4123 1.24E-13
factor(SPANM)Buckeye-Woodhill -0.362071524 0.079469084 -4.5561 5.21E-06
factor( SPANM)Central 0.314107411 0.108844787 2.8858 0.0039038
factor(SPANM)Clark-Fulton -0.074680259 0.060712986 -1.2301 0.2186768
factor( SPANM)Collinwood-N ottingham -0.240375055 0.054384416 -4.4199 9.87E-06
factor(SPANM)Cudell -0.05006605 0.061316035 -0.8165 0.4142002
factor(SPANM)Detroit Shoreway 0.077095664 0.054195712 1.4225 0.154869
factor( SPANM)Downtown -0.005913301 0.317010945 -0.0187 0.9851177
factor(SPANM)Edgewater 0.106810028 0.079116178 1.35 0.1770031
factor( SPANM)Euclid-Green -0.571269722 0.080395868 -7.1057 1.20E-12
factor( SPANM)Fairfax -0.220757314 0.101948126 -2.1654 0.0303579
factor(SPANM)Glenville -0.330088895 0.054055658 -6.1065 1.02E-09
factor(SPANM)Goodrich-Kirtland Pk 0.25408393 0.110165147 2.3064 0.0210888
factor(SPANM)Hough -0.292758872 0.083603531 -3.5018 0.0004622
factor( SPANM) Jefferson -0.00689282 0.042659675 -0.1616 0.871639
factor(SPANM)Kamm's 0.187655637 0.047605841 3.9419 8.09E-05
factor( SPANM)Kinsman -0.226705519 0.080343089 -2.8217 0.0047767
factor(SPANM)Lee-Harvard -0.287686375 0.050962226 -5.6451 1.65E-08
factor(SPANM)Lee-Seville -0.309001377 0.074404914 -4.153 3.28E-05
factor(SPANM)Mount Pleasant -0.345409704 0.058733921 -5.8809 4.08E-09
factor(SPANM)North Shore Collinwood -0.135138798 0.049333994 -2.7393 0.0061577
factor(SPANM)Ohio City 0.449879608 0.069662934 6.4579 1.06E-10
factor(SPANM)Old Brooklyn 0.082326586 0.039170719 2.1017 0.0355762
factor( SPANM) St. Clair- Superior 0.128151931 0.086439969 1.4826 0.1381929
factor( SPANM) Stockyards 0.037009712 0.059323502 0.6239 0.5327178
factor(SPANM)Tremont 0.255889291 0.078752408 3.2493 0.0011569
factor(SPANM)Union-Miles -0.294022671 0.051807895 -5.6752 1.39E-08
factor( SPANM)University 0.432623386 0.134181121 3.2242 0.0012634
factor(SPANM)West Boulevard -0.059520005 0.045330794 -1.313 0.1891779
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Model 1 Spatial Lag Model (Alternative) Result
Variable Estimate Std. Error z value Pr(>∣z∣)
(Intercept) 8.26207221 0.21621984 38.2114 <2.2e-16
LBACQ5tI2 0.01408403 0.00797881 1.7652 0.0775338
LBTarProp5tl2 -0.02081135 0.00674528 -3.0853 2.03E-03
FSale5 -0.01872658 0.00592658 -3.1598 0.001579
VLOT5 -0.00389976 0.00174656 -2.2328 0.0255601
VAH5 -0.00675950 0.00218672 -3.0912 0.0019938
Pre Sheriff -0.21422816 0.01573288 -13.6166 <2.2e-16
TaxDelq -0.08282454 0.02483237 -3.3353 0.0008519
AGE -0.00510644 0.00039643 -12.8811 <2.2e-16
LOTSQFT 0.00001670 0.00000407 4.1006 4.12E-05
LAREASQFT 0.00029133 0.00002478 11.7582 <2.2e-16
BED -0.00939927 0.01007682 -0.9328 0.3509432
DBATH2 -0.06200408 0.02083978 -2.9753 2.93E-03
DBATH3m -0.09642132 0.05142501 -1.875 6.08E-02
halfbath 0.04836627 0.02122317 2.2789 0.0226708
FirePlace 0.07606258 0.01789793 4.2498 2.14E-05
CENTRAL AIR 0.15887110 0.02176133 7.3006 2.86E-13
FORCEDAIR -0.16971613 0.04679358 -3.6269 0.0002868
ATTACHGARAGE 0.07394065 0.03368551 2.195 0.0281616
GARAGE 0.05905140 0.00882181 6.6938 2.18E-11
RAN -0.03618766 0.02828230 -1.2795 2.01E-01
COL 0.02367061 0.01817209 1.3026 0.1927182
BUN 0.06513841 0.03694274 1.7632 0.0778623
TOWNH 0.19190888 0.06797334 2.8233 0.0047533
DCQAAVG -0.00369342 0.01474181 -0.2505 0.8021695
DCQBAVG -0.24217194 0.05287909 -4.5797 4.66E-06
DCONDAAVG 0.28548606 0.02549798 11.1964 <2.2e-16
DCONDBAVG -0.30993984 0.01799847 -17.2203 <2.2e-16
PctBAHigh 0.00879353 0.00131168 6.704 2.03E-ll
ZONE IF 0.07542382 0.03446271 2.1886 0.0286286
ZONE2F 0.00967819 0.03039947 0.3184 7.50E-01
NUCml -0.12545848 0.02736039 -4.5854 4.53E-06
HEXITml -0.00367369 0.01842885 -0.1993 0.8419932
Treat5 -0.11690697 0.02016348 -5.798 6.71E-09
DOther -0.06765502 0.07240504 -0.9344 0.3500994
DQCD -0.34160709 0.02155488 -15.8482 <2.2e-16
DLWAR -0.34914550 0.02123721 -16.4403 <2.2e-16
DSURV 0.05504146 0.02275186 2.4192 1.56E-02
Q12013 -0.04289465 0.02825146 -1.5183 0.1289347
Q22013 0.06029344 0.02619805 2.3014 2.14E-02
Q32013 0.15264656 0.02591967 5.8892 3.88E-09
Q42013 0.09516320 0.02577004 3.6928 2.22E-04
Q12014 0.17906439 0.02717119 6.5902 4.39E-11
Q22014 0.17991114 0.02635733 6.8258 8.74E-12
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Variable Estimate Std. Error z value Pr(>∣z∣)
Q32014 0.16901849 0.02876167 5.8765 4.19E-09
factor(SPANM)Broadway-Slavic Village -0.15036825 0.04664067 -3.224 1.26E-03
factor(SPANM)Brooklyn Centre -0.05935785 0.06043093 -0.9822 0.3259802
factor(SPANM)Buckeye-Shaker Square -0.52737560 0.07114840 -7.4123 1.24E-13
factor(SPANM)Buckeye-Woodhill -0.36207152 0.07946908 -4.5561 5.21E-06
factor( SPANM)Central 0.31410740 0.10884479 2.8858 0.0039038
factor(SPANM)Clark-Fulton -0.07468026 0.06071299 -1.2301 0.2186769
factor( SPANM)Collinwood-Nottingham -0.24037505 0.05438442 -4.4199 9.87E-06
factor(SPANM)Cudell -0.05006605 0.06131604 -0.8165 0.4142002
factor(SPANM)Detroit Shoreway 0.07709566 0.05419571 1.4225 0.154869
factor( SPANM)Downtown -0.00591330 0.31701095 -0.0187 0.9851177
factor(SPANM)Edgewater 0.10681003 0.07911618 1.35 1.77E-01
factor( SPANM)Euclid-Green -0.57126971 0.08039587 -7.1057 1.20E-12
factor( SPANM)Fairfax -0.22075731 0.10194813 -2.1654 0.0303579
factor(SPANM)Glenville -0.33008889 0.05405566 -6.1065 1.02E-09
factor(SPANM)Goodrich-Kirtland Pk 0.25408393 0.11016515 2.3064 0.0210888
factor(SPANM)Hough -0.29275887 0.08360353 -3.5018 0.0004622
factor( SPANM) Jefferson -0.00689282 0.04265967 -0.1616 8.72E-01
factor(SPANM)Kamm's 0.18765563 0.04760584 3.9419 8.09E-05
factor( SPANM)Kinsman -0.22670552 0.08034309 -2.8217 4.78E-03
factor(SPANM)Lee-Harvard -0.28768637 0.05096223 -5.6451 1.65E-08
factor(SPANM)Lee-Seville -0.30900137 0.07440491 -4.153 3.28E-05
factor(SPANM)Mount Pleasant -0.34540970 0.05873392 -5.8809 4.08E-09
factor(SPANM)North Shore Collinwood -0.13513880 0.04933399 -2.7393 0.0061577
factor(SPANM)Ohio City 0.44987960 0.06966293 6.4579 1.06E-10
factor(SPANM)Old Brooklyn 0.08232658 0.03917072 2.1017 0.0355762
factor( SPANM) St. Clair- Superior 0.12815193 0.08643997 1.4826 0.1381929
factor( SPANM) Stockyards 0.03700972 0.05932350 0.6239 0.5327178
factor(SPANM)Tremont 0.25588929 0.07875241 3.2493 0.0011569
factor(SPANM)Union-Miles -0.294022666 0.051807895 -5.6752 1.39E-08
factor( SPANM)University 0.432623382 0.134181121 3.2242 0.0012634
factor(SPANM)West Boulevard -0.059520004 0.045330794 -1.313 0.189178
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Model 1 2SLS Model Result
Variable Estimate Std. Error t value Pr(>∣t∣)
Rho 1.442E-30 9.346E-31 1.5431 0.1228046
(Intercept) 10.50800000 0.09189400 114.35 <2.2e-16
LBACQ5tl2 -0.00805110 0.00395650 -2.0349 0.0418615
PLB5tl -0.02611100 0.00696320 -3.7498 0.000177
FSale5 -0.02443500 0.00610770 -4.0007 6.32E-05
VLOT5 -0.00434350 0.00180750 -2.403 0.0162628
VAH5 -0.01112200 0.00222820 -4.9917 5.99E-07
Pre Sheriff -0.22023000 0.01624900 -13.5535 <2.2e-16
TaxDelq -0.08187900 0.02564800 -3.1924 0.0014109
AGE -0.00544520 0.00040743 -13.3647 <2.2e-16
LOTSQFT 0.00001837 0.00000421 4.3673 1.26E-05
LAREASQFT 0.00031401 0.00002554 12.2937 <2.2e-16
BED -0.01085300 0.01040800 -1.0427 0.2970681
DBATH2 -0.06536800 0.02152500 -3.0369 0.0023903
DBATH3m -0.11009000 0.05312100 -2.0724 0.0382314
halfbath 0.05432300 0.02191700 2.4785 0.0131919
FirePlace 0.08882600 0.01845600 4.8128 1.49E-06
CENTRAL AIR 0.16728000 0.02247700 7.4422 9.90E-14
FORCEDAIR -0.16307000 0.04833300 -3.3739 0.000741
ATTACHGARAGE 0.10470000 0.03473000 3.0147 0.0025725
GARAGE 0.05865300 0.00911170 6.4371 1.22E-10
RAN -0.02862500 0.02921600 -0.9798 0.3271947
COL 0.01844200 0.01876400 0.9828 0.3256856
BUN 0.07521400 0.03815400 1.9714 0.0486826
TOWNH 0.32462000 0.06930500 4.6839 2.81E-06
DCQAAVG -0.00181540 0.01522500 -0.1192 0.9050892
DCQBAVG -0.26970000 0.05459000 -4.9404 7.79E-07
DCONDAAVG 0.30009000 0.02627400 11.4218 <2.2e-16
DCONDBAVG -0.32197000 0.01856600 -17.3414 <2.2e-16
PctBAHigh 0.01346700 0.00127640 10.5508 <2.2e-16
ZONE IF 0.10102000 0.03551900 2.8441 0.0044536
ZONE2F 0.01301400 0.03140100 0.4144 0.6785555
NUCml -0.14300000 0.02823500 -5.0645 4.09E-07
HEXITml -0.00112780 0.01903700 -0.0592 0.9527597
Treat5 -0.15221000 0.02067100 -7.3636 1.79E-13
DOther -0.07066800 0.07479200 -0.9449 0.3447272
DQCD -0.34559000 0.02225800 -15.5265 <2.2e-16
DLWAR -0.35367000 0.02192800 -16.1286 <2.2e-16
DSURV 0.06036500 0.02350100 2.5687 0.0102092
Q12013 -0.04644000 0.02918200 -1.5914 0.1115203
Q22013 0.05616000 0.02706200 2.0753 0.0379629
Q32013 0.15119000 0.02677200 5.6473 1.63E-08
Q42013 0.09032500 0.02661800 3.3934 0.0006903
Q12014 0.18023000 0.02806700 6.4214 1.35E-10
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Variable Estimate Std. Error t value Pr(>∣t∣)
Q22014 0.17988000 0.02722500 6.6073 3.92E-11
Q32014 0.16107000 0.03034200 5.3084 1.11E-O7
factor(SPANM)Broadway-Slavic Village -0.11890000 0.08587000 -1.3846 0.1661721
factor(SPANM)Brooklyn Centre -0.24271000 0.09399700 -2.5821 0.0098205
factor(SPANM)Buckeye-Shaker Square -0.71104000 0.07164200 -9.9249 <2.2e-16
factor(SPANM)Buckeye-Woodhill -0.40036000 0.08203300 -4.8805 1.06E-06
factor(SPANM)Central 0.61908000 0.13149000 4.7082 2.50E-06
factor(SPANM)Clark-Fulton -0.23913000 0.08884000 -2.6917 0.0071098
factor(SPANM)Collinwood-Nottingham -0.22541000 0.09008500 -2.5022 0.0123411
factor(SPANM)Cudell -0.09288800 0.06369600 -1.4583 0.1447522
factor(SPANM)Detroit Shoreway 0.01809700 0.08710800 0.2078 0.83542
factor( SPANM)Downtown 0.15924000 0.33453000 0.476 0.6340683
factor( SPANM)Edgewater 0.06306400 0.10461000 0.6028 0.5466189
factor(SPANM)Euclid-Green -0.76268000 0.08133400 -9.3772 <2.2e-16
factor( SPANM)Fairfax -0.20228000 0.10531000 -1.9207 0.0547662
factor(SPANM)Glenville -0.42661000 0.05515600 -7.7345 1.04E-14
factor(SPANM)Goodrich-Kirtland Pk 0.23461000 0.11408000 2.0565 0.0397337
factor( SPANM)Hough -0.24634000 0.10468000 -2.3534 0.0186046
factor(SPANM)Jefferson -0.00327060 0.04406700 -0.0742 0.9408369
factor(SPANM)Kamm's 0.14576000 0.08789500 1.6584 0.0972374
factor( SPANM)Kinsman -0.26322000 0.08350900 -3.152 0.0016216
factor(SPANM)Lee-Harvard -0.35840000 0.05225500 -6.8587 6.95E-12
factor(SPANM)Lee-Seville -0.42916000 0.07620800 -5.6315 1.79E-08
factor(SPANM)Mount Pleasant -0.45971000 0.05983900 -7.6823 1.55E-14
factor(SPANM)North Shore Collinwood -0.07498000 0.08886500 -0.8438 0.3988048
factor(SPANM)Ohio City 0.56392000 0.07108400 7.9331 2.22E-15
factor(SPANM)Old Brooklyn 0.01081500 0.08185000 0.1321 0.8948823
factor( SPANM) St. Clair- Superior 0.22854000 0.11387000 2.007 0.0447469
factor( SPANM) Stockyards -0.04897100 0.06114600 -0.8009 0.4231945
factor(SPANM)Tremont 0.26162000 0.10121000 2.5849 0.009741
factor( SPANM)Union-Miles -0.31002000 0.08533300 -3.633 0.0002801
factor( SPANM)University 0.64547000 0.14972000 4.3112 1.62E-05
factor(SPANM)West Boulevard -0.18381000 0.08285100 -2.2186 0.0265163
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Model 1 2SLS Model (Alt) Result
Variable Estimate Std. Error t value Pr(>∣t∣)
Rho 1.396E-30 9.050E-31 1.5428 0.1228798
(Intercept) 10.50800000 0.09189500 114.3487 <2.2e-16
LBACQ5tl2 0.01805700 0.00824070 2.1912 0.0284342
LBTarProp5tl2 -0.02610700 0.00696320 -3.7494 0.0001773
FSale5 -0.02443600 0.00610770 -4.0009 6.31E-05
VLOT5 -0.00434340 0.00180750 -2.4029 0.0162637
VAH5 -0.01112400 0.00222810 -4.9925 5.96E-07
Pre Sheriff -0.22023000 0.01624900 -13.5535 <2.2e-16
TaxDelq -0.08188100 0.02564800 -3.1925 0.0014106
AGE -0.00544520 0.00040743 -13.3648 <2.2e-16
LOTSQFT 0.00001837 0.00000421 4.3673 1.26E-05
LAREASQFT 0.00031401 0.00002554 12.2938 <2.2e-16
BED -0.01085000 0.01040800 -1.0424 0.2972043
DBATH2 -0.06537000 0.02152500 -3.037 0.0023895
DBATH3m -0.11009000 0.05312100 -2.0724 0.038225
halfbath 0.05432400 0.02191700 2.4786 0.0131889
FirePlace 0.08882800 0.01845600 4.8129 1.49E-06
CENTRAL AIR 0.16728000 0.02247700 7.4421 9.90E-14
FORCEDAIR -0.16307000 0.04833300 -3.3738 0.0007414
ATTACHGARAGE 0.10470000 0.03473000 3.0147 0.0025727
GARAGE 0.05865200 0.00911170 6.437 1.22E-10
RAN -0.02862500 0.02921500 -0.9798 0.3271959
COL 0.01844200 0.01876400 0.9828 0.3256825
BUN 0.07521700 0.03815300 1.9714 0.0486749
TOWNH 0.32462000 0.06930500 4.6839 2.82E-06
DCQAAVG -0.00182010 0.01522500 -0.1195 0.904846
DCQBAVG -0.26970000 0.05459000 -4.9405 7.79E-07
DCONDAAVG 0.30009000 0.02627400 11.4218 <2.2e-16
DCONDBAVG -0.32196000 0.01856600 -17.3413 <2.2e-16
PctBAHigh 0.01346700 0.00127640 10.5509 <2.2e-16
ZONE IF 0.10102000 0.03551900 2.8441 0.0044542
ZONE2F 0.01301500 0.03140100 0.4145 0.6785384
NUCml -0.14299000 0.02823500 -5.0644 4.10E-07
HEXITml -0.00111720 0.01903700 -0.0587 0.9531997
Treat5 -0.15221000 0.02067100 -7.3636 1.79E-13
DOther -0.07065700 0.07479100 -0.9447 0.3447997
DQCD -0.34559000 0.02225800 -15.5267 <2.2e-16
DLWAR -0.35367000 0.02192800 -16.1286 <2.2e-16
DSURV 0.06036900 0.02350000 2.5688 0.0102039
Q12013 -0.04643700 0.02918200 -1.5913 0.1115404
Q22013 0.05615900 0.02706200 2.0752 0.0379656
Q32013 0.15119000 0.02677200 5.6474 1.63E-08
Q42013 0.09032500 0.02661700 3.3934 0.0006902
Q12014 0.18023000 0.02806600 6.4216 1.35E-10
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Variable Estimate Std. Error t value Pr(>∣t∣)
Q22014 0.17988000 0.02722500 6.6073 3.91E-11
Q32014 0.16107000 0.03034200 5.3085 1.11E-O7
factor(SPANM)Broadway-Slavic Village -0.11891000 0.08587600 -1.3846 0.1661618
factor(SPANM)Brooklyn Centre -0.24269000 0.09400100 -2.5818 0.0098276
factor(SPANM)Buckeye-Shaker Square -0.71107000 0.07164200 -9.9253 <2.2e-16
factor(SPANM)Buckeye-Woodhill -0.40038000 0.08203300 -4.8807 1.06E-06
factor(SPANM)Central 0.61908000 0.13149000 4.708 2.50E-06
factor(SPANM)Clark-Fulton -0.23912000 0.08884400 -2.6914 0.007115
factor(SPANM)Collinwood-Nottingham -0.22542000 0.09009100 -2.5022 0.012344
factor(SPANM)Cudell -0.09288400 0.06369500 -1.4583 0.1447709
factor(SPANM)Detroit Shoreway 0.01810800 0.08711300 0.2079 0.835329
factor( SPANM)Downtown 0.15924000 0.33453000 0.476 0.6340657
factor( SPANM)Edgewater 0.06306500 0.10462000 0.6028 0.5466418
factor(SPANM)Euclid-Green -0.76269000 0.08133300 -9.3774 <2.2e-16
factor( SPANM)Fairfax -0.20229000 0.10531000 -1.9209 0.0547499
factor(SPANM)Glenville -0.42656000 0.05515700 -7.7335 1.04E-14
factor(SPANM)Goodrich-Kirtland Pk 0.23460000 0.11408000 2.0565 0.0397383
factor( SPANM)Hough -0.24635000 0.10468000 -2.3534 0.0186024
factor(SPANM)Jefferson -0.00327660 0.04406700 -0.0744 0.9407277
factor(SPANM)Kamm's 0.14576000 0.08790900 1.6581 0.0972995
factor( SPANM)Kinsman -0.26323000 0.08350700 -3.1522 0.0016204
factor(SPANM)Lee-Harvard -0.35840000 0.05225400 -6.8589 6.94E-12
factor(SPANM)Lee-Seville -0.42916000 0.07620800 -5.6315 1.79E-08
factor(SPANM)Mount Pleasant -0.45972000 0.05983800 -7.6827 1.55E-14
factor(SPANM)North Shore Collinwood -0.07499800 0.08886800 -0.8439 0.3987107
factor(SPANM)Ohio City 0.56392000 0.07108400 7.9331 2.22E-15
factor(SPANM)Old Brooklyn 0.01082400 0.08185700 0.1322 0.8948054
factor( SPANM) St. Clair- Superior 0.22854000 0.11388000 2.0069 0.0447627
factor( SPANM) Stockyards -0.04897000 0.06114500 -0.8009 0.4232033
factor(SPANM)Tremont 0.26163000 0.10121000 2.5849 0.0097419
factor( SPANM)Union-Miles -0.31003000 0.08533700 -3.633 0.0002802
factor( SPANM)University 0.64389000 0.14933000 4.3119 1.62E-05
factor(SPANM)West Boulevard -0.18380000 0.08285600 -2.2183 0.026535
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Model 1. GWR Result
Variable Min. 1st Qu. Median 3rd Qu. Max. Global
X. Intercept. 9.80862 10.13095 10.3639 10.72195 11.22041 10.6844
LBACQ5tl2 -0.03989 -0.01853 -0.00888 0.00816 0.03933 -0.0066
PLB5tl -0.0599 -0.04204 -0.0268 -0.01911 0.02136 -0.0303
FSale5 -0.05659 -0.03036 -0.02354 -0.01506 0.01666 -0.0173
VLOT5 -0.02513 -0.01139 -0.00358 -0.00037 0.01448 -0.0021
VAH5 -0.06277 -0.02121 -0.01603 -0.01181 -0.00259 -0.0223
Pre Sheriff -0.37534 -0.27425 -0.21817 -0.15653 -0.09326 -0.2324
TaxDelq -0.35713 -0.17954 -0.09867 -0.06962 0.01914 -0.1089
AGE -0.00861 -0.00621 -0.0051 -0.00453 -0.00352 -0.0051
LOTSQFT -0.00004 0 0.00001 0.00002 0.00003 0
LAREASQFT 0.00018 0.00025 0.00028 0.00032 0.00042 0.0003
BED -0.05821 -0.03388 0.00076 0.02531 0.06643 -0.009
DBATH2 -0.1885 -0.11956 -0.06419 -0.03267 0.08759 -0.061
DBATH3m -0.23036 -0.13768 -0.06307 0.00984 0.10652 -0.1054
halfbath -0.00871 0.02387 0.0483 0.07224 0.10703 0.0533
FirePlace -0.00207 0.0446 0.08366 0.10631 0.20624 0.0695
CENTRAL AIR 0.00654 0.12751 0.24282 0.34237 0.53555 0.2079
FORCEDAIR -0.56477 -0.21573 -0.11899 -0.04125 0.13459 -0.1707
ATTACHGARAGE -0.14011 0.03065 0.07263 0.12977 0.31017 0.0519
GARAGE -0.04045 0.04622 0.06965 0.08529 0.15054 0.058
RAN -0.14861 -0.08925 -0.05433 0.00291 0.07897 -0.0684
COL -0.20459 -0.01203 0.01488 0.03588 0.08176 -0.0127
BUN -0.07504 0.00358 0.0596 0.10422 0.18474 0.0321
TOWNH 0.00357 0.2941 0.47005 0.59155 0.99214 0.2414
DCQAAVG -0.07396 -0.02729 -0.00476 0.00794 0.10868 -0.0292
DCQBAVG -0.51225 -0.30513 -0.19558 -0.11769 0.03197 -0.2111
DCONDAAVG 0.09798 0.17741 0.21529 0.36965 0.73726 0.3423
DCONDBAVG -0.46628 -0.32561 -0.29118 -0.25307 -0.18207 -0.3462
PctBAHigh 0.00738 0.01596 0.02012 0.0229 0.02587 0.0244
ZONE IF -0.17445 -0.00844 0.05432 0.15958 0.28566 0.0495
ZONE2F -0.24208 -0.08187 0.00527 0.12112 0.20408 -0.0338
NUCml -0.30623 -0.15844 -0.0945 -0.05528 0.18435 -0.1051
HEXITml -0.23287 -0.11447 -0.04935 0.07645 0.26623 -0.1717
Treat5 -0.68973 -0.27067 -0.1488 -0.11978 -0.07429 -0.221
DOther -0.45015 -0.22856 -0.11945 -0.01293 0.15931 -0.0463
DQCD -0.56173 -0.45177 -0.39622 -0.2899 -0.18975 -0.3718
DLWAR -0.48027 -0.41537 -0.36885 -0.31961 -0.25439 -0.3737
DSURV -0.01871 0.02969 0.05756 0.11582 0.1988 0.079
Q12013 -0.20697 -0.06424 -0.02275 0.01293 0.07604 -0.0631
Q22013 -0.08882 0.02931 0.06406 0.09995 0.20791 0.0836
Q32013 0.04388 0.11485 0.13614 0.19305 0.28149 0.1511
Q42013 0.01438 0.06928 0.09726 0.16383 0.25249 0.1024
Q12014 0.02507 0.11706 0.21613 0.2691 0.37759 0.2015
Q22014 0.07064 0.13752 0.17369 0.21643 0.43527 0.1932
Q32014 0.07436 0.14255 0.17264 0.23559 0.32974 0.1847
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Stationary Test Result
Variable F statistic Numerator d.f. Denominator d. f. Pr(>)
(Intercept) 2.6904 371.98815 5879 <2.2e-16 ***
LBACQ5tl2 1.99232 437.68115 5879 <2.2e-16 ***
PLB5tl 0.73018 360.22197 5879 0.9999499
FSale5 1.19155 1401.82634 5879 1.06E-05 ***
VL0T5 4.23032 768.33581 5879 <2.2e-16 ***
VAH5 2.6991 762.76183 5879 <2.2e-16 ***
Pre Sheriff 3.88721 2364.85205 5879 <2.2e-16 ***
TaxDelq 1.57031 143.55293 5879 2.04E-05
AGE 1.36949 620.75764 5879 1.77E-08
LOTSQFT 1.82825 340.09697 5879 <2.2e-16
LAREASQFT 0.70653 1030.02436 5879 1
BED 1.8556 1168.44795 5879 <2.2e-16
DBATH2 1.57503 1206.52022 5879 <2.2e-16 ***
DBATH3m 0.35431 27.52351 5879 0.9992748
halfbath 0.34705 664.65938 5879 1
FirePlace 1.03252 698.65352 5879 0.2800707
CENTRAL AIR 6.29372 548.35367 5879 <2.2e-16 ***
FORCEDAIR 1.54831 71.0571 5879 0.0022541 **
ATTACHGARAGE 0.98236 271.54628 5879 0.5696434
GARAGE 3.54467 2023.04539 5879 <2.2e-16
RAN 0.49722 163.72627 5879 1
COL 1.39467 957.62377 5879 1.01E-12
BUN 0.44938 97.67661 5879 0.9999994
TOWNH 1.43941 38.77195 5879 0.0381488 *
DCQAAVG 1.15345 3561.78479 5879 8.66E-07
DCQBAVG 0.54588 19.98519 5879 0.9480917
DCONDAAVG 7.69473 455.03232 5879 <2.2e-16
DCONDBAVG 1.97144 402.0216 5879 <2.2e-16
PctBAHigh 3.0211 1249.46541 5879 <2.2e-16
ZONE IF 1.6183 62.65212 5879 0.0015218 **
ZONE2F 1.84359 51.81554 5879 0.0002293
NUCml 2.00001 1947.15515 5879 <2.2e-16 ***
HEXITml 10.13002 1914.40071 5879 <2.2e-16 ***
Treat5 5.80811 579.08507 5879 <2.2e-16 ***
DOther 0.43533 17.36408 5879 0.9789068
DQCD 3.15967 340.03748 5879 <2.2e-16 ***
DLWAR 1.42181 1484.22649 5879 <2.2e-16 ***
DSURV 0.91265 279.17894 5879 0.8447595
Q12013 0.8676 1262.78752 5879 0.9992603
Q22013 0.95337 1491.78131 5879 0.8751117
Q32013 0.78048 1560.3237 5879 1
Q42013 0.87289 1559.11825 5879 0.9995529
Q12014 2.2461 1399.62304 5879 <2.2e-16
Q22014 2.22815 1524.2539 5879 <2.2e-16 ***
Q32014 0.79832 1284.41727 5879 0.9999998
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Model 1. GWR Result (Alt)
Variable Min. 1st Qu. Median 3rd Qu. Max. Global
X. Intercept. 9.8086 10.1309 10.3639 10.7219 11.2204 10.6844
LBACQ5tI2 -0.0248 0.0090 0.0185 0.0337 0.0947 0.0238
LBTarProp5tl2 -0.0599 -0.0420 -0.0268 -0.0191 0.0213 -0.0303
FSale5 -0.0565 -0.0303 -0.0235 -0.0150 0.0166 -0.0173
VLOT5 -0.0251 -0.0113 -0.0035 -0.0003 0.0144 -0.0021
VAH5 -0.0627 -0.0212 -0.0160 -0.0118 -0.0025 -0.0223
Pre Sheriff -0.3753 -0.2742 -0.2181 -0.1565 -0.0932 -0.2324
TaxDelq -0.3571 -0.1795 -0.0986 -0.0696 0.0191 -0.1089
AGE -0.0086 -0.0062 -0.0051 -0.0045 -0.0035 -0.0051
LOTSQFT 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAREASQFT 0.0002 0.0003 0.0003 0.0003 0.0004 0.0003
BED -0.0582 -0.0339 0.0008 0.0253 0.0664 -0.0090
DBATH2 -0.1885 -0.1196 -0.0642 -0.0327 0.0876 -0.0610
DBATH3m -0.2304 -0.1377 -0.0631 0.0098 0.1065 -0.1054
halfbath -0.0087 0.0239 0.0483 0.0722 0.1070 0.0533
FirePlace -0.0021 0.0446 0.0837 0.1063 0.2062 0.0695
CENTRAL AIR 0.0065 0.1275 0.2428 0.3424 0.5356 0.2079
FORCEDAIR -0.5648 -0.2157 -0.1190 -0.0413 0.1346 -0.1707
ATTACHGARAGE -0.1401 0.0307 0.0726 0.1298 0.3102 0.0519
GARAGE -0.0405 0.0462 0.0697 0.0853 0.1505 0.0580
RAN -0.1486 -0.0893 -0.0543 0.0029 0.0790 -0.0684
COL -0.2046 -0.0120 0.0149 0.0359 0.0818 -0.0127
BUN -0.0750 0.0036 0.0596 0.1042 0.1847 0.0321
TOWNH 0.0036 0.2941 0.4701 0.5916 0.9921 0.2414
DCQAAVG -0.0740 -0.0273 -0.0048 0.0079 0.1087 -0.0292
DCQBAVG -0.5123 -0.3051 -0.1956 -0.1177 0.0320 -0.2111
DCONDAAVG 0.0980 0.1774 0.2153 0.3697 0.7373 0.3423
DCONDBAVG -0.4663 -0.3256 -0.2912 -0.2531 -0.1821 -0.3462
PctBAHigh 0.0074 0.0160 0.0201 0.0229 0.0259 0.0244
ZONE IF -0.1745 -0.0084 0.0543 0.1596 0.2857 0.0495
ZONE2F -0.2421 -0.0819 0.0053 0.1211 0.2041 -0.0338
NUCml -0.3062 -0.1584 -0.0945 -0.0553 0.1844 -0.1051
HEXITml -0.2329 -0.1145 -0.0494 0.0765 0.2662 -0.1717
Treat5 -0.6897 -0.2707 -0.1488 -0.1198 -0.0743 -0.2210
DOther -0.4502 -0.2286 -0.1195 -0.0129 0.1593 -0.0463
DQCD -0.5617 -0.4518 -0.3962 -0.2899 -0.1898 -0.3718
DLWAR -0.4803 -0.4154 -0.3689 -0.3196 -0.2544 -0.3737
DSURV -0.0187 0.0297 0.0576 0.1158 0.1988 0.0790
Q12013 -0.2070 -0.0642 -0.0228 0.0129 0.0760 -0.0631
Q22013 -0.0888 0.0293 0.0641 0.1000 0.2079 0.0836
Q32013 0.0439 0.1149 0.1361 0.1931 0.2815 0.1511
Q42013 0.0144 0.0693 0.0973 0.1638 0.2525 0.1024
Q12014 0.0251 0.1171 0.2161 0.2691 0.3776 0.2015
Q22014 0.0706 0.1375 0.1737 0.2164 0.4353 0.1932
Q32014 0.0744 0.1426 0.1726 0.2356 0.3297 0.1847
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Stationary Test Result (Alt)
Variable F statistic Numerator d.f. Denominator d.f. Pr(>)
(Intercept) 2.6904 371.98815 5879 <2.2e-16
LBACQ5tl2 0.80726 474.31974 5879 0.9988858
LBTarProp5tl2 0.73018 360.22197 5879 0.9999499
FSale5 1.19155 1401.82634 5879 1.06E-05 ***
VL0T5 4.23032 768.33581 5879 <2.2e-16
VAH5 2.6991 762.76183 5879 <2.2e-16 ***
Pre Sheriff 3.88721 2364.85205 5879 <2.2e-16 ***
TaxDelq 1.57031 143.55293 5879 2.04E-05 ***
AGE 1.36949 620.75764 5879 1.77E-08 ***
LOTSQFT 1.82825 340.09697 5879 <2.2e-16 ***
LAREASQFT 0.70653 1030.02436 5879 1
BED 1.8556 1168.44795 5879 <2.2e-16 ***
DBATH2 1.57503 1206.52022 5879 <2.2e-16 ***
DBATH3m 0.35431 27.52351 5879 0.9992748
halfbath 0.34705 664.65938 5879 1
FirePlace 1.03252 698.65352 5879 0.2800707
CENTRAL AIR 6.29372 548.35367 5879 <2.2e-16 ***
FORCEDAIR 1.54831 71.0571 5879 0.0022541 **
ATTACHGARAGE 0.98236 271.54628 5879 0.5696434
GARAGE 3.54467 2023.04539 5879 <2.2e-16 ***
RAN 0.49722 163.72627 5879 1
COL 1.39467 957.62377 5879 1.01E-12 ***
BUN 0.44938 97.67661 5879 0.9999994
TOWNH 1.43941 38.77195 5879 0.0381488 *
DCQAAVG 1.15345 3561.78479 5879 8.66E-07 ***
DCQBAVG 0.54588 19.98519 5879 0.9480917
DCONDAAVG 7.69473 455.03232 5879 <2.2e-16 ***
DCONDBAVG 1.97144 402.0216 5879 <2.2e-16 ***
PctBAHigh 3.0211 1249.46541 5879 <2.2e-16 ***
ZONE IF 1.6183 62.65212 5879 0.0015218 **
ZONE2F 1.84359 51.81554 5879 0.0002293 ***
NUCml 2.00001 1947.15515 5879 <2.2e-16
HEXITml 10.13002 1914.40071 5879 <2.2e-16 ***
Treat5 5.80811 579.08507 5879 <2.2e-16
DOther 0.43533 17.36408 5879 0.9789068
DQCD 3.15967 340.03748 5879 <2.2e-16 ***
DLWAR 1.42181 1484.22649 5879 <2.2e-16 ***
DSURV 0.91265 279.17894 5879 0.8447595
Q12013 0.8676 1262.78752 5879 0.9992603
Q22013 0.95337 1491.78131 5879 0.8751117
Q32013 0.78048 1560.3237 5879 1
Q42013 0.87289 1559.11825 5879 0.9995529
Q12014 2.2461 1399.62304 5879 <2.2e-16 ***
Q22014 2.22815 1524.2539 5879 <2.2e-16 ***
Q32014 0.79832 1284.41727 5879 0.9999998
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